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Tbcre rolU the deep where grew the tree. 

O earth, what changes hast thou seen ! 

There where the long street roars, hath been 
'rhe stillness of the central sea. 

The hills are shadows, and they flow 
From form to form, and nothing stands ; 

They melt like mists, the solid lands, 

Like clavdn they shape themselves and go. — T£^^vsON. 


There are no natural objects out of which more can be learned than out 
of stones. They seem to have been created especially to rew'ard the patient 
observer. Nearly all other objects in nature can be seen to some extent 
without patience, and are pleasant in being .^half seen : but the stone under 
his foot has for carelessness nothing in it but stumbling, no pleasure is 
languidly to be had out of it, nor food, nor good of any kind; nothing but 
symboUsiQ of the hard heart and the unfatberly gift. xVnd yet do but give it 
some reverence and watchfulness, and there is bread of thought in it more 
than in any other lowly feature of all the landscape.— Kusxin’s Modern 


The progress of all real Science is towards compression and cond^u- 
aation, and its whole aim to supersede the endless detail of mdtvidual cases 
by the announcement of easily remembered and readily applicable laws. — 
Sia J. Haxsctietx. 
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PREFACE 


The First Fdition of these Notes " was issued (in lithograph) some eight 
years since for use by the Author’s pupils. The appreciation in \^ich they 
were held by theise, and by teachers w'ho introduced them into their classes, 
as well as the favour with which the Author's “ Notes on Botanv ” and 
similar notes on other subjects were received, determined him to enlarge and 
publish them. The first sheet was in type three years ago, but the completion 
of the work has been delayed by a variety of causes, not the least being the 
amount of time necessary for the examination of many recent publications 
relating to the subject, with the object of admitting new discoveries, investi- 
gating doubtful ones, and eliminating exploded errors. This delay will 
account for some slight differences, chiefly nomenclature, between the 
earlier and later pages, and for the addition of certain notes apparently ** out 
of place.” 

The order followed is unusual : but this may lie varied to suit any book or 
lecture cour.se by the use of the Table of Contents. 

The Author’s aim has l>een to make the work, not a text book, nor yet a 
mere glossary, but a student's companion to the larger manuals and to the 
lecture, presenting the facts and technical terms of the subject under a com- 
pact and methodical arrangement, so as to aid the mind in grasping them 
and the memory in retaining them. As an epitome, too, the work will be 
found of value, it is hoj>ed, to the Teaciier as w^ell as to the Taught. 

V In preparing it the Author has kept coa-stantly in mind the requirements 
tjf the public examination.s. and in particular those for admission to Sand- 
hurst, Woolwich, and the Indian Forest Ser\nce ; those of the Science and 
Art Department (Syllabus appended), and the Royal School of Mines; the 
University Local and B,Sc. examinations. 

The map of Great Britain (in twenty colours), though adding materially to 
the cost, will be doubtless greatly appreciated. The illustrations (over eighty 
drawn by the Author and placed together in an appendix, are rough, but 
iiicluide, with some of great importance, several of special interest not e^tly 
accessible. The maps and sections should be coloured and copied frequently. 
Should another edition be called lor it ise intended to increase largely this 
part of the work. Blank pag^ are appended for the addition of manuscript 
nereis and aketches, mr for the attachment of printed cuttings. 



The Author desireit u> express his great indebtedness to the personal teaching 
of Professor Sir A. C. Ramsay, l^rofcssor Sir W. W. Smyth, and Profeaior 
J. W, Judd at the Royal School of Mines, and to the laboratory work dune 
under the jitter. His best thanks are due, and are hert? m(?st gratefully 
exprjped, to friends who have given valuable aid in suggestions of various 
kinds and in reading the proof sheets; to Mr P. E, Suinstead, B.A., Mr, P. 
L, Smith, Mr. Heniy Walker, E.G.S , Mr. W. H. Palton, E'G.S , late of 
H.M. Geological Survey, and especially to Mr. John Hogg, B A., Mr, Gren- 
ville Cole# 1".G S., Demonstrator m Geology, Royal Schtxd of Mines, and 
Mr, E. T. Newton, E'.G.S., f.Z.S., Palaeontologist U> H.M. Geological 
Survey, 

A list of the chief works consulted is given l>clow, and may serve as some 
guide to the student in his reading. Quotations are usually acknowledged, 


White Hill, Gravesend, 
Chmtmiis, 1888, 


W. F. G. 


Geikie, t*HOF. A.— ’* Text Book *’ and " Class lk)ok of Gt^dogy/' 

Geikig, j.— •" The Great Ice Age.” 

Grken, a. H. — * Physical Geology,” 

Huxley, Prof Physiography,” ’'Anatomy of Vertebrated and Inverte- 
brated Animals.” 

JIaugiiton, pKOF.~“‘*Six Lectures on Physical Geography.” 

Judd, j. W., Prof.'—” Volcanoes.” 

Jukes, J. B.-- ” Students' Manual of Geology.” 

Jukes-Browne.— S chool Manual," ” Historical Geology.” 

Lvell, Sir C — ” Elements ” and ” Principles of (ieology,” 

Murchison, Sir R. J,— ” Siluria ” 

Nicholson, H. A.—” Paia?ontology.” 

Page, D.-- ” Economic Geology.” 

Ram.sav, Sir A. C. — ” Physical Geology and Geography of Great Britain.'' 
Kutlbv, F,— ” Mineralogy.” ” Study of Rock.H.” 

Woodward, H. B.— “Geology of England and Wales.” 

Woodward. S. P.— “ Recent and Fossil Shells,” 

The Proceedings of the Geologists* Association ; The Quarterly Journal of the 
Geological Society ; The Geological Magazine ; The Brttiah 
Guide Books, Ac.; The Geological Congrett and Geological Survey 
pnbilcations. 
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INTRODUCTION. 


Geology has for its final aim to trace the progress of our 
planet, from the very beginnings of its separate existence, 
through all the stages of its development down to its present 
condition, and is thus, if one may so speak, “ the histoiy of the 
prehistoric ages." It seeks to describe how each continent and 
island has been built up, each sea and lake hollowed out, each 
useful product accumulated. It restores in imagination the 
geographical and physiographical features of each successive age, 
clothing once again the bye^gone lands with their vegetation, 
and peopling the seas, lakes, and lands with beings as they lived 
in each succeeding Period — beings often admirable in their 
adaptation, beautiful in their simplicity, surprising in their 
strangeness, or terrible in their size or ferocity. Such resur- 
rection of the past forms the chief charm of the study. 

As a science it is of enormous practical value (see pp. 17-18), 
whilst as a study it is not only most fascinating, but when carried 
on in the field it ranks high as a means of intellectual training in 
habits of observation and in reasoning from observed data ; and 
it has the further great advantage of being a healthy open-air 
pursuit, affording a delightful relief from the ordinary routine of 
work a.day life; it moreover adds greatly to the pleasures of 
travel. 

To the Englishman it offers special attractions, for his native 
isle is well called ** the Paradise of Geologists/* In no other 
region of equal area are so many formations represented and 
exposed at the surface, in none are there such ready means of 
access to all parts, and in few are exposures eff the strata so 
common in escarpments, cutttngs,*quarnes and cliffs. If 0 iere 
can be any royal road to geology it is that which conducts the 



learner to “ the scarped cliff and quarried stone/" the cutting and 
the mine, the river gorge and the mountain height* There he 
may con the rocky pages spread out beneath and around him, 
and find sermons in stones and “ books in the running 
broolfs.^* But to one ignorant of their language these have no 
stoiy' to relate. To facilitate the student in mastering that 
tongue by presenting him with the leading facts and generally 
accepted theories in a methodical form, easy of cognition and 
convenient of reference, is the object of this little book. 


TIte succeeding “Nott's'” on i lie history of the sdence, tlw* estinmte^ of !ime> 

climatic chanKt^ and tlieir causes, are intcMided for the perusal of more advanced students, 
referrinfi as they do to somewhat difficult or debatcable topics 

Just a century ago Hutton published at Ildinlmrjijh his “ Thi^ory of the 
Earth.” in uhich he maintained that the stratified rtnrks owed thetr origin to 
the action of water, and the unstratihed and intrusive rocks theirs to the 
action of heat— a happy compr^unise l>etween the conieniionsof the NeptuniMs 
and the Vulcanists, the rival geological schools of the time, who ascribed all 
rocks to one or other of thest^ agencies alone. More than this, he showed 
that the wild dreamy speculations of the sch(w.»l t)f Catastrophists. w ith their 
convulsions, cataclysms, inundations, collisions (with comets’ tails), and other 
(xxurrences equally fanc iful, were totally' uncalled for in ifsplaining the origin 
of the rocks of the earth’s crust. He insisted that in geological siHfCulat ion 
•' no powers are to be employed (hat arc not natural to the glol>e, no action# 
to be admitted of except those of which we know ihe principle, and tu>extra«- 
ordinary events to l)c alleged in order to explain a common apprarance ” In 
a word he held that the present is tlie key to unhick the past, l-yell some 
fifty years later revived his leaching with great siicce?4s, and Ijeitarne the gre 
leader of the school of Uniformitarian.s which insists on the uniform action of 
Nature in the past as in the present ; ” Jtmid all the revolutions of the globe,” 
says Playfair. ** the ect^nomy of Nature has Ixjcn 'uniform,” More recently 
this view has been modifiwl by Darwin, fluxhy. and Spmeer, rimreseming the 
schrxil of Evolutionists, which holds that Nature mn only nunSimfs the energy 
and rapidity of action in her forces, but may and does from lime to time 
bring new agencies into play — c.g., man. the great disturber of nature. 

Two contemjKiraries of Hutton — Wm, Smith, the “Father of E^liah 
Geology,” and Werner, the founder of the Nqitunists in Cermany- daid the 
foundations of Hisim-ical Geology* hy establishing the principle of an invari- 
able Order of Superposition of Strata; and Smith further discovered that the 
various strata and groups of strata (Formations and Systems) were each 
of being recognized by means of their fossil conienti. a discovery 
without which the principle of invariable sup«tfpositton could have been of 
Uttlc practical value in the case of strata lying in localities widely apm. To 
ezplam the Succession of Life in Time thus ascertained to exist, it was at 
hrst as^med that each species of plant and animal originated by a special act 
of creativejpower exercised qiasmodi^ly. a view now generally displaced by 
X)arwin’s Theory of Evolution that ” s^ies undergo modifi^ion^ and tbe 
existing forms of life are the deacendants by true generation of 
fdnna.^* (Orfpit of 



The view is aow generaJiy accepted that the main outlines of the existing 
Continent! have been almoat unchanged from the earliest time known to ua, 
though the details of their coast lines have varied much and often, as these 
continental areas have, at various epochs. IxMin successively elevated above 
and depressed below the surface of toe sea. — local denudation and deposition 
Ifreatly influencing the total result. Such oscillations, known to be still in 
progress (see p. 50), would be most frequent in the marginal portions, 
the British area, and would result in the occasional production there of conti- 
nental islands, island-encircled and inland seas. 

Daring the long series of geological ages the climate, not only of England, 
hut of each hemisphere, if not of the earth as a whole, has often changed, 
cold and hot periods alternating. In the Pleistocene Period glacial conditions un- 
doubtedly prevailed widely in the northern hemisphere ; the supposed results 
of simtlar conditions occur in parts of the i:ambnan. Devonian and Permian 
Bystems; while semi-tropical conditions are believed to have characterised 
the Silurian. Carboniferous, Jurassic and Eocene Periods in Britain, all 
remarktdde for the great abundance aid variety of their life. 

Eour chief causes have been assigned to account for such cycles of climate, 
and as these are ail independent, and may all co-exist, they may severally 
co«opiurate with or counteract one another. 

(t) Changes in geography, t.r., in the form, extent, and distribution of the 
land, rg.. an accumulation of land in po^r and of ocean in tropical 
regions tends to mcreased evaporation in the latter, and increased 
IM^pitation, lar^y as tmow, in the former. Changes in the direction 
and magnitude of the ocean currents would accompany such alterations 
In geomphical features, and produce local changes in climate, r,g., the 
Otaf Stream, which carries northwards as much heat as is received 
item the sun by three million square miles at the equator, and makes 
Britain ra^ warmer than is due to Us latitude, might thus be diverted 
stogethm hnka our iho^ 

(a) Ctamges in the poeitian of tibe earth's axis, and hence in that of its 
pirn* equator^ and tropics. If si^ dmngea-demed by such Mnmor 
mSrs as newton* tanboe, Haughm, and Ahy— ^really do occniv llW 
mOalhe very shght if dna ta the shnratkm cd cootinettU and M 
'dMus, -or siiiktng:of areas^ however' large. 



. 1 $) Cbangmua tirntfomm 4 u 6 to thm pmm^ of THo 

pt4m (iiodtsi of tbo Mfipmiit pnmgtst of tho 9tm $mm tlio oonoiiDr 
occupy m uuccficsivo yours a sllghUy diacrect posHkm oa ik» 
mrcj^iaH by 50 mccmdu of arc every year, eo thak a whok rovolutioo 
of the nodes occurs ia <i5«ad6 years. This motion^ combined with a 
sligl^ cause, brings about acompiete cycle of diangee of cUmalo once 
in every ai,ooo yeps; 0^,, our northern sumnier now ooourt when 
* the earth is nearly in aphelion or its furthest positioa from the sue ; 
in 10,^00 years it will occur in perihelion or its near^t posilion to the 
sun, the distances being respectively 93 and 90 million miles. 

(4) Changes in the form of the earth's orbit, viz,, a periodical variation in 
the eccentricity of the orbit or path round the sun, and in consequence 
a greater or less difference in the perihelion and aphelion diataucoi of 
the earth from the sun. 

At present this diflerenCe is three millions of miles, but during the last 
million years it has varied from one to thirteen millions, being great at 
periods 100.000. 200,000. 850,000 years ago. The hemisphere whose winter 
occurred in aphelion had, at these times, an excess of winter over summer ot 
2j, 28, 56 dayi respeefive/y (instead of eif^ht days Jess winter than summer m$ 
with US now) , ana with mean temperatures, in the latitude of i^ndou, hr the 
hottest month of loy’, JJ 3 ^ 126 r'ahr, and fof the coldest month of 5 *. 6% 
-~7 respectively . that ot London being at prenent 64- in July mid j8 in 
January, The shortw though hotter summer could not undo the ©fleet of the 
Joiner and severer winter, the mass of ice and snow would tlms go on accuniu* 
lating from year to year, and glacial conditions would prevail until gradually, 
through the precession of the equinoxes, winter should come to occur in peri> 
helion as it now does in our hemisphere, instead of in aphelion as now in the 
southern hemisphere, which is in consec|uence undergoing a modified glacial 
episode. A large area of the planet Mars is thought to tie now under glacial 
wudition.s. 

The proofs that glacial conditions prevailed in northern latitudes, even as 
far south as Sicily and S}Tta. bubsequent to the period of the 1 ’erttary deposits 
are threefold.--- 

(j) The wide-spread occurrence of mnnoMfi ami Ixiulders of rocks, 

ice-bome from often distant localities— resting indiscriminately on 
Pliocene and older strata, of furrowi and on hard-rock •sur- 
faces. and of rounded Ixisses or riftkts i 

(2) The prevalence of arctic marine shells in the Newer Pliocene and Flek 
tocene deposits of temperate latitudes. 

(3) The present distribution of life in isolated mountainous regions, the 
plants and animals of these being the relics of an arctic flora and fauna 
which must have occupied the plains of central and southern Europe, 
but ascended the hilts and retreated to the north as the temperature 
increased, and the plains became too warm. The Alpine flora, 
Saxifragrs, Ac., now found at h^bts of from 3,000 to 6,000 ieet on tha 
^ps, occurs at less devatioos on the Urals and Altai, and covers the 
low plains of Northern |iurope and Asia from 60^ to 70^ M, tat. 


ADDITIONS AND ERRATA, 
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NOTES ON GEOLOGY. 

Definiflon , — The science which investigates the History of the 
Earth. It treats of the nature and formaticm of the rocks 
which form the solid framework of the j^lobe ; of the aj^ents 
w'hich produce changes in these rocks ; and of the history 
of the past life, whose remains (fossils) are buried in them* 
The chief branches are : — 

1. — Cosmical or Astronomical, relating to the earth*s 
probable early condition, and its present form and motions. 

2. — Petrographical, relating to the materials of the earth’s 
crust, and the probable condition of its interior. 

[ {a) Mineralogy relates to the minerals. 

(/; ) Lithology relates to the rocks or mineral aggregates. 

3. — Dynamical, relating to the causes of change in the crust. 

4. — Structural, relating to the architecture of the earth. 

5. — Pakeontological, relating to the fossilised forms of life. 

6. — Stratigraphical or Historical, dealing with the chron- 
ology of the strata, and the succession of forms of life. 

7. — Physiographical, relating to the history of present 
surface features and their causes. 


The part.s of the solid earth which man can examine, or about 
which he can reason by observations made at or near the 
earth's surface — form the earth's crust. This is composed of 
various rocks. A rock i.s a more or less extensive and 
natural accumulation of some one mineral, or oftener of a 
mixture of minerals, for which see p. 21 \ It may be hard an 
granite, so/i as clay, loose as sand, or compacted as sandstone* 

If classed as to their general structure, rocks are : — 

I . — Stratified, or arranged in strata, i.c, beds or layers, composed 

of various materials, arranged in or by water (Aqueous), or 
by wind (Aerial). 

II, — Unstraiified, in irregular masses, bosses, sheets, or veins, due 

to a former state of fusion (Igneous). 

A Fonnution is a series of strata formed during one period of 
time, whilst the land and sea preserved a nearly fixed 
relative position. Successive oscillations of the land, here 
of elbvation, there of subsidence, disturbed this relation of 
land and sea, producing rfbw sea-lines, new cliffs, and new 
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deposits of rock materials. Such different deposits or 
formations are distinguishable — 

{a) by their relative position or order of super-position ; 
for newer strata almost always overlie older. 

(b) by differences of mineral composition, degree of coarse 

ness, colour, dec. These may, however, vary much in 
the same formation, and be repeated in the same or 
in different formations. Hence they can rarely be 
depended on as tests of relative age in regions far apart. 

(c) by their fossils, i.e, the remains of animals or plants 

buried in the earth by natural means, and often 
greatly altered by removal of old, and replacement by 
new matter (petrifaction). 

The fossils must be more or less different in different deposits, 
since animals and plants change with changed conditions, and 
also with lapse of time [possibly owing to frequent creation of 
new forms, ov more probably to evolution or gradual change of 
previous forms of life into others more suited to changed 
conditions of existence !. 

If classed as to their place and mode of formation strata are 
terrestrial, lacustrine, Huviatilc, or marine. 

Old Land Surfaces^ vvith Terrestrial deposits, are marked by — 
Tree-stumps in position as they grew, with tree-stems, 
leaves, fruits, land-shells (univalves), insects, See,, in the old 
soil round their roots— r.g., the Purbeck “dirt beds/* the 
many coal seams with the underclay underlying each. 

Old Lako Bads with Lacustrine deposits 
Old River Beds with Fluviiliilc deposits 

(a) Beds of shell-marl or limestone, full of Ircsh-watcr shells — 

Unio and Anodonta, Cyclas, Cyrena, C3 pris, (bivalves); 
Lymnica, Paludina, Planorbis, l^hysa, (univalves), Melania. 
<.g. Bembridge beds, Woolwich beds, Purbeck and 
Petw'orth marbles (of shells of Paludina), 

(b) Clay containing these shells, or insects, leaves, fruits, &c, 

€,g. Weald clay, Headon beds. 

(c) Iron-stained sand, gravel, and conglomerate wdth fresh 

water and land plants, fishes, See, 

t,g, Hastings sands, Old Red and New Red Sandstones, 
[Nageldue of the Rhigi, 6,000 ft, thick, of Oligocene age]. 

N.B. — Salt Lakes and Lagoons are marked by chemical deposits. 
e.g. Rock salt, Gypsunv; together with marls. 


> are marked by — 
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Old Sea Bottoms with Marine strata are marked by-^ 
Sea-weeds, (fucoids, corallines, &c.) 

Sea-shells (especially these j^roups of Mollusca — Brachio* 
pods, I^amellibranchs with one shell muscle, Gasteropods with 
notches or canals, Cephalopods). 

Echinoderms, Corals and Foraminifera. 

(1) Littoral or shore deposits by water-worn ^^rave!, broken shells, 

pebbles, and conglomerates ; by false-bedding due to varying 
currents; by rain-pittings, ripple-marks, sun-cracks; by 
foot-prints, and b}' shells of certain kinds found only on or 
near shores, c.g., Ostrea or Oyster, Canfrum or Cockle, 

(2) Deeper water by fine mud and sand, without current bedding. 

(3) Clear sea-water (usually far from land) by organic deposits, 
as Limestones made up of Foraminifera, Corals, Crinoids-— 
e.g, Chalk, Oolite, Mountain and Wcnlock Limestones, 

Siliceous strata made up of Diatoms, Radiolarians, vSponge spicules. 

The deep sea deposits of minute organisms are known as 
**oo;5e,” e.g,^ Foraminiferal or Globigcrina ooire, Radiolarian and 
Diatomaceous ooze. 

Ooze is a while or grey creamy mud, hardening into such rocks 
as Chalk, Tripoli and Dynamite Earth. 

The stratified rocks, together wdtii the products of con- 
temporary volcanoes associated with them, have been arranged in 
the order of their production, first into I'ormations, then these 
into larger Systems formed during a particular Period. '' About 
fifteen such Systems and Periods are named, (usually from 
districts where well developed) and are arranged into three or 
four still larger groups, as showui in the* following table, which 
includes all the chief formations found in the British Isles, 
and Western Europe. 

Note. — A bed or beds characterised by one or more distinctive 
fossils, is called the Zone or Horizon of that particular fossil, 
e,g,^ Zones of various Ammonites in the Lias (see p. 8). 


• On geological maps the colours refer to the particular rormationa 
which He beneath the surface soil in each locality, or else to grottpf 
of such formations as explained in an index to the colour*. Certain 
colours, usually reds, refer bowevt^ to the particular rock material if of 
Igtneow origia, found there. 



TABLE OF THE CHIEF FORMATION# 

In Western Europe. 

Numbered in order of production, and placed in order of superposition. 

o 

• Denotes a distinct break— unconformity of strata, and change in^ossils 

jY^-^-Post-Tertiary or Quaternary. All the shells of sti 
living species. 

i5*— Becent or Human Period. 

( Ages of iron and bronze. 

Age of polished stone tools, &c, 

(Neolithic 

Age of chipped stone tools (Palaeolithn 

14.— Pleistocene, Post-Pliocene or Glacial Period. 

(3) Late Glacial. Britain re-elevated, and with larg 
glaciers (with terminal moraines). 

(2) Mid-Glacial. Britain an archipelago ; much floatin 
ice. 

(i) Early Glacial. Britain and North Europe under ai 
ice-sheet (with ground moraine}. 


Ill — CAJNorofC, OR Tertiary. With some shells of still living 
species, but the mammals of extinct species. 


1 3-— Pliocene, or Crag Period. 


(a) Newer 


j Forest bod of Cromer and Chillesford beds. 
( Norwich Crag, or Mammaliferous Crag. 


(0 Older 


f Red Crag, 

\ White Crag, or Coralline Crag. 


I a. — ^Miocene Period. [Deposits of this age absent in Britain, 
unlcM the basalts and lignites of Antrim, Mull, &c., belong 
here, and perhaps the pipe-clay and lignite of 



s . 

Natoiui of thb Deposits and the Areas they cover, 

15* — ^The cfeief deposits are alluvium, or stream deposits, brict 
earth (due to rain and weather acting on surface rocks), 
peat, loess, shell-beds, low-level river gravels, bone deposits 
in caves, at Kent’s Hole, Brixham ; Kirkdale. Most 
high-level river gravels are of Palaeolithic age. The works 
of early man are tools and weapons, pile-dwellings, in 
lakes, <&c., shell-mounds, or kitchen middens, charred wood, 
&c. He may have existed in Western Europe in Mid- 
Glacial times (probably about 200,000 years ago). 

14. — Raised beaches, “parallel roads,” moraines, perched blocks, 
Roches Moutonnees (rounded ice-w'orn bosses of rock). 

(3) Upper Boulder clay, including the great Chalky Boulder 
Clay covering the Eastern counties (Lincoln to London.) 
(2) Sands, gravels (kames and eskers), erratic blocks, 
stratified clays, with marine Arctic shells. 

(i) Lower Boulder day or TUI (a ground moraine), often 
resting on ice-worn rocks, and unstratifwd, 

jj, — The forest bed of the Norfolk coast consists of drifted roots, 
peat and clay. The Chillcsford beds beneath contain many 
Arctic shells. The Norwich Crag is fluvio-marine, and 
contains large land mammals— elephant (mammoth), mas- 
to<lon, rhinoceros, and hippopotamus. The older Crag 
deposits are chiefly beach sands with broken shells, mostly 
of existing species, some Arctic. At the base of both Red and 
White Crag lies a bed of nodules with much phosphate of 
lime (coprolites), and bones and teeth. 

12. — Britain being then a land surface, no deposits were 
formed. In the Vienna and Mayence basins thick strata 
occur, with fossils pointing to a tropical climate. In North 
Greenland and Spitabergan plant beds occur, and even a 
good coal, in 82"^ N. laL 
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II.— Oligoceoe Period, (Often classed as upper Eocene). . 

(i) Fluvio-marine beds in the Isle of Wight, 

( Hempstead beds (= lower Mioc^eof Lyells) 
Bembridge marls and limestone. ^ 

] Osborne beds. 

Headon beds. 


10.— Eocene Period, or Lower Tertiary (or Nummulitic Period). 
(3) Upper — Bagshot sands (part), and Barton clay, 

(2) Middle — Bagshot beds (part), and Leaf-beds of Alum 
Bay^ also Bracklesham beds. 


(0 


Lower— 


I 


London clay and Bognor beds, 

Woolwich and Reading beds (in both) 
with Oldhaven pebbles above 
and Thanet sands below. 


In the Paris basins the deposits are very thick (Ca/cafr^ Grossier), 

The nummulitic limestone (Middle Eocene) extends from the 
Pyrenees to Japan, and enters largely into the structure of the 
chief mountain chains — Alps, Himalayas (at 16,000 feet high). 

The Pyramids of Ej^ypt were built of this stone, formed almost 
wholly of Icntil-likv shells (yuj/zw/d/tis). 


JL — Mesozoic or Secondary, With no forms of life still existing. 


9 — Cretaceous Period, 

Yellow chalk of Maestricht, Faxoe, S:c. ^Danian 
Aix-la-Chapelle. [stage, 

f Upper Chalk (with flints) -- Senonian „ 

Lower Chalk (no flints) Turonian „ 
also Grey chalk 


Upper Chalk marl 

Chloritic marl 


i. = Cenomanian „ 


Upper Greensand 

LGault clay, See, ^ ss GauU stage. 


♦ ♦ ^ 1 * ¥ ♦ * ♦ 



basalts of Noftb* Weston K 

Auvergns, Antrim, Mull (3,000 feet thick), Skye,&c.,i^ 
their inierbedded lignites and leaf-beds, are probably of &is 
a^; and also the lignite of Bovey in Devon, and the brown 
coal of North Germany and of Switeerland (Molasse). 


10.— -The British Eocene beds occur only in the South-Eastern 
counties, lying in two synclinal depressions in the chalk, now 
separated into the London and Hampshire basins. (The 
italicised names refer to the latter). The fossils — palms, 
sharks, crocodiles, turtles, &c. — point to a warm climate. 

Note. — A missing chapter in the Earth’s history. Little is 
known of deposits in the great interval of time between the 
Cretaceous and Eocene periods. 

There is little or no unconformity in the strata, though the 
lowest Eocene beds rest on an eiodcd surface of chalk, and a 
layer of green flints (Bullhead bed) ; but the great changes 
in the forms of life point to a great break in time, probably 
represented by deposits in U. S, America. 


— The Cretaceous beds vary greatly in nature, hut in Western 
Europe the upper part is chalk, a thick deposit of foramini- 
feral ooife, formed in a deep sea, and containing Echinoderms, 
Sponges, which are often converted into flints. Beneath 
this are shallow water deposits, varying locally ; hence the 
French names for the stages, founded on the fossils, arc very 
superior to the English, founded on the deposits first 
described. The Chloritic marl (so-called Greensand) of 
Cambridge, contains coprolites. The red chalk of Hun- 
stanton is of the same age. The Gault is usually a stiff 
blue clay, full of iron pyrites, and beautifully preserved 
fossils, especially Cephalopods^AmMoniUs, Hamiks^ &c. 





fLower Greensand, or Neocotnian, vb.:-?-* 

1 Speetoncky I 


Lower 


Folkestone beds 
Sandgate „ 
Hythe „ 
Atherfield clay 

Wealden beds, viz. : 
Weald clay 


( Upiier 
J Middle • 
[ Lower 
occurring at 
Filey Bay, and 
at Tealby 
(Lincolnshire) 


Hastings* Sand (including Tunbridge 
Wells Sands, Ashdown Sands, &c. 


8.--Jaras8ic Period, including Oolite and Lias. 

/ Purbcck beds # # # # = Purbeckian^ 

Upper Portland stone and sand = Portlandian. 

t Kiinmeridge clay = Kimmeridgian, 


Middle S (Coralline Oolite) “ Corallian, 

( Oxford clay and Kellaways rock == Oxfordian, 


Great Oolite, 


'Cornbrash ^ 

Forest marble & Bradford clay I ^ ^ 

,• . X > Oolite, 

Lower J ^^^^h Oolite, with/ 

I Stonesfield slate j 

Fuller's earth 

^Inferior Oolite, pisolite, marl, &c. 

Upper Lias, sands, &c. — Zones of Ammonites yurensh, 
serpentinust communis, 

Marlstone— Zones of A, spinaiuSy margaritatus, Daveei, 
{HenUyi)y Ibex^ yamesoni. 

Lower Lias, cla}"8, &c. — Zones of A , raricosiatusy oxynotus^ 
obtusus, Turner iy Bucklandi, angulatus, 
plmorbis, resting on Avicuia contortu beds. 


Neocomian stage. 
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The Neocomian beds of England are of two types— a Nottiiem 
entirely marine, and a Southern, fluviatile below, (Wealdcn) 
pa|ping into marine above (Lower Greensand). The Sand* 
• gate beds contain fuller’s earth ; and the Hythe beds yield 
“ Kentish rag ” building stone — a sandy limestone* 

The Wealden strata (i, 8 oo feet thick) are fresh water or estuarine, 
and were formed as a delta (at least 20,000 square miles in 
area), at the mouth of a great river from the North-West. 
They are confined to the Weald of Kent, Surrey and 
Sussex; the Isle of Wight and near Boulogne (200 miles 
from East to West). Fossils — Land plants and reptiles, 
— huge Saurians and winged Pterodactyls, &c. 


8. — The Jura mountains and Alps largely consist of contorted 
rocks of this age, in folds of every degree of size. 

The Jurassic system consists in Britain chiefiy of blue clays and 
limestones, usually oolitic or pisolitic, and very rich in fossils. 
The Portland and Bath Oolites yield valuable frticstones. 

The Purbeck beds contain old soils (“ dirt beds with tree 
stumps, as they grew ; also many insects and land mammals 
(twenty species) occur in the fresh-water deposits. These 
beds are often grouped with the Wealdcn. 

TheSolenhofen limestone, or* lithographic slate,’ from near Munich 
and of Kimmeridgian age, contains the oldest known bird, and 
also reptiles, fishes, crabs, insects, &c., in pcrfectpreser\'ation. 

The Stonesfield slate — a sandy limestone used for roofing— 
contains many ferns, cycads, insects, reptiles, and mammals. 

The Northampton sands, with ironstone, are of the age of the 
Great and Inferior Oolites. 

Note. — The Lower Oolites to the South of Gloucester arc 
marine, but pass into estuarine deposits to the North-East, 
near Northampton ; and in Yorkshire, land and fresh-water 
deposits occur, including a small coal-field. Coal beds also 
occur at Brora, in Sutherland, of this age. 

The Lias is remarkable for its abundant and well-preserved fossils. 
It was the ** age of reptiles ” — saurians, flying lizards, &c. ; and 
cephalopoda abounded — Ammonites (130 species), Nautilus 
(10 species), BelemniUs (60 species). 

The three formations are %ub-divided into bands, or zones^ each 
marked by characteristic species of Ammonites. 
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T'-'Triassic and Ehestic Periods* 

Rhjetic or Penarth beds {** White, or Infra- Lias, 
or A vicula contorta beds. a 

Upper — Kcuper, or New Red Marl and sandstone. * 
Middle — [Muschelkalk — absent in Britain]. 

Lower — Bunter, or New Red Sandstone proper (containing 
pebble beds and breccia, in the Severn valley). 

Note, — A missing chapter. A great stratigraphical and 
palajontological break occurs here, very marked in Germany, 
but less so in Britain, owing to the scanty fossils, and to 
the red colour of both series, which caused the name New 
Red Sandstone to be formerly applied to both. 


I. — Paueozoic or Primary. With ancient forms of life. 

6.— Permian or Byas Period. 

Upper. — Red sandstones, clays and gypsum (no fossils.) 

Middle. — Magnesian limestone, (Dolomite), (Zcchstcirtf) 
Marl slate, (Knpfcrschiefer.) 

Lower.— Red sandstones, marls, breccias, (Rothliegende)* 

• # « • ♦ • 

5 •—Carboniferous Period. 

Upper, — Coal Mea.sures with Pennant Grit at Bristol, &c., 
and Gannistcr beds in South Lancashire. 
Middle. — Millstone grit, (Farewell or Moor Rock). 

{ Carboniferous, f Yoredale shales and grits, 
or Mountain < The thick Limestone. 

Limestone. ^ Lower Limestone shale. 

Note. — In Scotland, the Calciferous sandstone represents the last. 

In the middle of this, sheets of porphyrites and tuffs occur all 
across the great central valley, and mark prodigious volcanic 
activity there in Lower Carboniferous times. Some of these 
sheets are i,$oo feet thick. 
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7* — The Rhetic are ** passage beds,** occuring as a thin band 
from North of Yorkshire to the Dorset coast, but best seen 
at Westbury-on-Severn and Penarth near CarditT, In the 
Rh|^tic Alps the strata of this age are very thick. 

Keuper and Bunter, like most red rocks, contain few fossils. 
The former yields rock-salt and g}'psum (lake deposits), and 
contains the oldest known Mammal (MicroUstts), 

TheMuschelkalk of German}^ isa limestone rich in marine fossils. 

The marine Hallstadt and St. Cassian iKJds (on North and South 
side of East Alps) arc of the Keuper age, and very rich in 
fossils which connect the fauna of Primary and Secondary 
rocks, e.g., Orilwccras occurs with and Ceraiites. 

Both the Trias and Permian formations of Western Europe were 
formed in inland seas or salt lakes of a large continent. 
Land plants and large Labyrinthodont (frog- like) reptiles 
are the chief fossils in both. 


6. — Upper and Lower Permian beds are best seen in Cumberland. 

The Middle group yields 
valuable building stone, found 
in a narrow band from South 
Shields to Nottingham. 

The Low^er group much resemble modern glacial drifts— ice- 
borne debris. 

Note.— Horizontal strata of this age cover nearly all Russia. 



In W. 1 

1 In N.E. 

u. 

600 feet 

thin 

M. 

thin 

600 feet 

L. 

3,000 ft. 

thin. 


, — The Coal Measi res occur in numerous detached though 
once united coal fields (basins), and consist chiefly of sand- 
stones, shales, limestone, coal, and Under-clay, (unstratified, 
soft or hard, even flinty clays beneath coal seams, containing 
siigfnaria,—i.e, roots of land-plants which grew where found). 
In South Wales the series is nearly 12,000 feet thick, with 
about 80 seams of coal, together 120 feet thick. In South 
Scotland ihfe series is nearly absent, but good coal and black- 
band ironstone occurs in the lower group. In South Stafford 
a “ lo-yard coal-seam ** occurs. 

The Millstone Grit contains little coal and few fossils. 

The Yoredale Rocks in the Pennine Hills are 4,500 feet thick. 

The Limestone is i ,500 feet thick in South Wales, and in Ireland 
is 3,500 feet, “one of the largest masses of limestone in the 
world/* It is formed chiefly of corals, encrinites, polyzoa, or 
other marine animals ; |ind igneous rocks (contemporaneous 
basalts, t&c.,) ate abundant in South Scotland and North 
England, 
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^.—Devonian Period, including Old Red Sandstone. 

U.— Pilton beds— slates, &c. U.— Red and yellow sand- 

stones, conglonerates. 

M.— Ilfracombe beds— slates, M.— Marly sandstones,ffag- 
limestones of South Devon. stones, (occurs only in 

North Scotland). 

L. — Lynton beds — slates and L. — Comstones, sandstones 
sandstones, and conglomerates, 

(Total thickness about xo,oooft.) j (thickness about 25,oooft.j 

3.— Silurian Period. 

r Tilestones and Ledbuiy shales. 
Ludlow beds, J Upper Ludlow rock, 

(1,950 feet.) j Aymestry limestone. 

^ Lower Ludlow rock. 

Upper ^ fWenlock and Dudley limestone. 

Wenlockbeds. j 

( 'o ■{ Woolhope limestone and shale. 

(1,600 eet.) i^Turannon shale, (pale slates). 

U. Llandovery or May Hill sandstones, (1,500 ft.) 

■ * * ♦ ♦ * ♦ 

L. Llandovery group, (1,000 feet). 

Bala and Caradoc group, (6,000 to 12,000 feet). 
Lower J Llandeilo dags, (2,500 feet). 

Arcnig (or Stiperstone) beds (4,000 feet), (includ- 
ing Skiddaw slates (12,000 feet). 

* * Ht * t * 

a.— Cambrian Period. 

f Trcmadoc slates, U. and L. {1,000 feet). 

\ Lingula flags. (5,000 feet). 

Note. — Murchison included the Upper Cambrian with the 
Silurian ; hut Sedgwick included alf the Lower Silurian with his 
Cambrian, 
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4.— The Devonian type is marine, and occurs in Britain only to 
south of the Bristol Channel, consisting there of gfrey and 
blue slates, schists, sandstones, and limestones rich in corals 
at Plymouth, Torquay; as also in the Eifel Limestone, 
^The Old Red type occurs from the Bristol Channel, 
through Wales, Central and North-east Scotland to the 
Shetlands ; and also largely in Ireland. Everywhere a 
great break occurs between the Upper and Lower groups. 
It consists of lake deposits (in lakes Orcadie, Lome, 
Caledonia, Cheviot, and Welsh lake), and in Scotland often 
abounds in fish remains and land plants, 'fhere, too, inter- 
bedded volcanic rocks occur, more than 6,000 feet thick, and 
form the Pentland, Ochih and Sidlaw hills, which are 
*‘the basal wrecks of extinct volcanoes.” 

The two tj^pes occur together in Russia, covering a vast area. 

3. — Silurian strata cover a wider extent of the earth’s surface, 
and are more uniform in nature of deposits and in fossils 
than any other group. They occur typically in Wales and 
border countries as grits and sandstones, shales and slates, 
with bands of limestone which swell to a great thickness, 
then thin out, but rc-appear again and again. As a rule, they 
are now inclined, contorted, faulted and cleaved ; or are even 
metamorphosed to schists as in the Highlands. 

The “Tilestones,'’or Downton sandstone are mere passage beds; 
at their base is the Ludlow bone-bed full of fish scales, teeth, 
fin-spines, &c., and reaching 45 miles from North to South, 
and 30 from East to West. The Lower Ludlow shales 
contain the earliest known vertebrate— a fish (Pieraspis 
Ludensis), The Wenlock L. is largely formed of corals 
and crinoids, and in it Trilobites, Orthoceratites, and 
Brachiopods are very abundant. It forms a ridge in Salop 
20 miles long— “ Wenlock Edge.*’ 

The Llandovery beds are often called Pentamerus beds, from 
the abundance of P. lens and ohlongiis. 

The Bala beds and Arenigs contain, both in North Wales and 
Cuml:tprland, vast piles of lavas and tuffs interstratified, 
which are several thousand feet thick, and mainly form the 
chief mountain peaks, as Snow^don, Cader Idris, Arcnig. 

— The Upper group (Olenidian from OUnus, a characteristic 
triiobite), consists of slates and fiags, and contains abundant 
fossilsi especially Trilobites and Brachiopods (LinguUlhJ* 
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i.— Cambrian Period {continued). 


Lower 


/ Menevian beds of St. David’s. (600 feet). 


Longmynd beds; — 

[ Llanberis slates, 
’[Harlech grits, 


VIZ 


In South Wales, 4,000 ft. 
In North Wales, 000 ft. 
In Shropshire, 25,000 ft. 


^--Arcbwan, or Pre-Cambrian Period or Periods. 


Lewisian, or Hebridean, or Fundamental Gneiss. 


Laurentian of Canada, 


Upper group, 10,000 ft. thick.; 
Lower group, 20,000 ft. at least. 


Note. — In serpentinous limestone of latter occurs 
Kozoon Canadatse^ a supposed animal of the lowest 
class, {Fora mini fern). 


In European rocks no fossils have been found, but in Canada, 
besides Eozoon^ there occurs much graphite and iron ores, 
both probably clue to plants. 


Caution. — There is no Azoic or Hypozoic Period known, for 
traces of life occur in the oldest rocks ; nor is there any 
special Mctamorphic System of strata, since formations of 
any age may become metamorphosed or altered; nor does 
granite everywhere underlie the series of stratified rocks as 
was once supposed. The oldest rocks known are of sedi- 
mentary origin, and therefore derived from still older rocks, 
no remains of which perhaps now exist. Certainly no trace 
of an original igneous crust remains. What Hatton wrote 
a century ago in the infancy of Geology, a modern 
geologist can still say — “ In the economy of the world, 
I can find no traces of a beginning, no prospect of 
an end.'* « 



The Lower group (Paradoxidian from Paradoxide%^ another 
trilobite), contains few fossils, except near St. David’s ; a bed 
of conglomerate usually lies near the base. In North-west 
Scotland, a similar rock with breccia and red sandstone is 
•8,000 feet thick, resting on roches luoutonnlcs (?) of Archican 
gneiss, and possibly points to a Glacial period* 


1 , — The oldest known rocks are distinctly bedded, but highly 
crystalline schists and gneiss, due probably to inetamorphism 
of sedimentary strata. These Prc-Canibrian rocks occur in 
the Outer Hebrides, (Lewis, tScc.,) C. Wrath, St. David’s, 
18,000 feet thick, the Wrekin, Malvenis, Charnwood Forest, 
North Wales, and Anglcsea, in all these latter with much 
volcanic matter ; also in Scandinavia and Central Europe. 
In the Dominion of Canada, tw'o divisions occur, (i) Huronian 
resting on (2) Laurentian. This latter term is commonly 
extended to all Fre-Cambrian strata, iiKluding those in 
N.W. Scotland, Wales, A:c. 


Prof. Hull has estimated the total maximum thickness of strati- 
fied rocks at about 177,000 feet, or 33 miles, of which the 
Palaeozoic form about 25 miles. From the thickness of the strata 
deposited, some idea may be formed of the relative duration of 
different periods. 


rn 1 Recent and feet. 

*’'•1 Post Pliocene ? 

I Pliocene - • 2,000 

ni.] Miocene - - 7.000 

I Eocene- * - 6.500 

' Cretaceous - 12,400 
TT Wealden - - >.400 

1 Jurassic - - 5.000 

iZriassiG ■ • 6,760 


Palaeozoic Periods, feet. 
/ Permian - - 4,000 

Carboniferous - 21,000 

Devonian and Old 
Bed Sandstone 25,000 
U. Silurian - 4.000 

L. Silurian - - 27,000 

Cambrian ■ - 2H.000 

Laorentian • 32,750 


I. 



L— The PRIMARY STRATA are marked by Palaeoiroic or 
ancient forms of life, all the species and all but i6 genera 
then existing being now extinct, as also certain whole 
families, viz, : — Graptolitcs, Rugose Corals, Cystideaias, Trilo- 
bites and Eurypterids (both Crustacean), Orthoceratites,*and 
Labyrinthodont (or frog-like) reptiles. Crinoids or Encrinites 
(plant-like Echinoderms) and lirachiopod shells were then 
very abundant in number, and very varied in form. It was 
the Age of Braciuopods. The fishes had heterocercal 
(unequally-lobed) tails, but no true bony skeleton, though 
often covered with bony plates. The land plants were chiefly 
Ferns, giant Lycopods and Conifers. 

Note — Entire absence of Flowering plants, Birds and Mammals. 

JX. — The SECONDARY STRATA are marked by Mesozoic forms, 
especially Ammottites, IkUinnitcSy and allied Cephalopods. 
Brachiopod shells still abundant, but little varied, chiefly 
Tenhraiula and Rhyuchondia. Peculiar forms arc Saurian 
reptiles, often of huge size, and flying Pterodactyls, This 
was the Age of Reptiles. The fishes mostly had 
homocercal (equally-lobed) tails. 

Note. — Mammals (chiefly marsupials) and Birds first occur — 
the former in the Trias, the latter in the Cretaceous. 

IIL— The TERTIARY STRATA are marked by Cainozoic, or 
recent forms, especially the higher vertebrates. The per- 
centage of existing species gradually increases upwards, 
and gives name to the successive periods, — Eocene 

(dawn of recent species), Oligocene (lew recent), Miocene 
(minority of recent), Pliocene (majority of recent), Pleistocene 
(most of recent species). Nummulitcs (a coin-like Foramini- 
ferous shell) occurs here only. Birds and Mamfnals, as also 
Crabs, Crocodiles, Turtles, Gasteropod shells become abun- 
dant; and flowering plants are characteristic forms. 

IV. — The POST TERTIARY Strata are marked by bone caves, 
and remains of man and his works — tools, weapons, 
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ECONOMIC GEOLOGY. 


On THiv^pKAc tjcal UhEs OF A KxouLFrxii OF Gkologv. 

The useful applications of GeoI(»j4y are many and varie<l, 
especially in A;;riculture, Architecture, ivn^ineerin;;, Manufactur- 
ing, Mining;, and the Arts. 

1. — It explains the causes which have produced the present 

surface features, and the necessary connection between these. 

It thus assists the Landscape Gardener Painter, itnd 
the Surveyor. 

2 . — It explains the Fertility or the Barrenness of diflercnt soils 

and rocks, by reference to (i) their mineral and chemical 
composition and how defects in this, picjudiejal to particular 
crops can be remedied, i .l;,, when it is wise to add sand, or 
lime, or clay ; or when most desiiahle to add ;;uano or other 
manure; (2) their relative positiiai, both as to the slope of 
the j'round, and as to the dip of the strata. ibis will /^uidc 
the direction and extent of b«)lh surtace and sub soil drainage ; 

the ponuis and absoihent. or the non- poo us and leten" 
live nature of the sub-soil rocks. In these ways it may be 
of great use to the Farmer ‘^nd Agriculturist, 

— It explains the natur;d di.'tinageof a <lislrict. both surface and 
subterranean ! and it shows where Aitesian vN'eils are possible, 
and where fissures and fauUs exist. Such inlormation is of 
great importance to the Engineer constructing canals, 
sinking wells, or seeking a water-supply for a canal oj a town. 

4, — To the Architect Builder allords indispensable inloj 
matioh, as to (i) the conipcesition of canons rot l.s fit iov 
particular uses, r. *.'’»» binlding-stunc. for hiiv/ks, lor rnoilar 
and cement, for tiles and slates. I he wsiy in which tlie rock 
considered has been aftectctl by the wcatlui, whcK exposed 
in cliffs and (juarries, atlortis a valualde ginde as trr its 
durabilitv ; (21 the areas covered by rocks yielding these 
malerialsr and their relative positif>n among other strata, and 
how best worked. 

-To the Road-maker u great importance in gi 

him (i) as to choice of a line of road, so as to ensure its 
proper drainage, and prevei^t slipping. I his will depend on 
the nature and succession of the strata and their dip; (2) as 
to road-metal— what rocks art obtainable, and w'hat not ; 
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whnt rocks arc preferable, c.g», granite, greenstone, gneiss, 
quartzite, gravel, basalt, flint, chert, crystalline limestones; 
what are unsuitable, e,g,, slates, shales, schists, most sand- 
stones and earthy limestones such as oolite, chalk, and marl, 

6. — To the Engineer making tunnels, cuttings and enfbankments, 

foundations for bridges, cutting canals and docks — it^s most 
necessary that he should know : — 

(1) the character of the rf>cks met with, especially whether hard 

or soft, permeable or not, to water. 

(2) the succession of the strata in the district, and their thickness. 

(3) the dip of the strata, and the direction of the drainage. 

7. — To the Manufacturer u points out what supplies of Fossil 

h'uel- Peat, Lignite, Coal, Anthracite, Petroleum —are to be 
expected ; and when it would he useless to seek for these. 
Vast sums of money have been wasted in sinking for Coal, 
where a geologist could have shown the improbability of its 
occurrence, or at least, within a working depth. 

8. — 'I'o the Miner seeking metallic ores or gems, it teaches how 

to recognize these and the rocks usually associated with them ; 
as also their usual modes of occurrence ; and in the case of 
Lodes or Veins, which often abruptly cease owing to “faults,” 
it shows where to seek for their reappearance. 

Lastly. — To the Student, tew sul)jecls afford such a constant 
necessity for oliservalion, comparison, and deduction ; and 
hence, few are so well calculated to train the intellect in 
these its most valuable powers. 


TMK niSTKlPUTION OF V.\LUAHLE MINERALS AND 

ROCKS. 

Nurr “If \v<? draw a slightly sinuous line from the mouth of the Tees 
tho'U^h the. cent O' of !•' upland to the tn<,>i:th ot the l-xe, we should divide 
into t\vo totally dissimilar parts, in which the form and aspect of 
the and the ctmdition and einpK'vmems of the people, were alike 

eonirasti'd with each other. The part to the north west of this line is 
ehioily P<da'o;*i»ic i^rouml, often wild, barren and rm-untainous, but in many 
places full of nuneval wealth . the to the south-east of it is Secondary 
and 'rertiary ground, and generally soft and gentle in outline, with little 
or no Wealth iK’neath the soil The mining and manufacturing populations 
.are \o U- found in the first district . the working people of the latter are 
chiedv agriculturalists ■' i>K. ici,anu 

GOAL is of 3 chief kinds i Anthracite or Sfotte Coal (used 
only in furnaces and for steam engines) : occurs in South Wales, 
igow, Kilkenny, and Pennsylvania. 2. Ordinary Coal 
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(miscalled bituminous), including: Canned, Jet ; Hothead Coal is 
a bituminous shale, found m Scotland, from which oil is 
distilled, 3. Li^mitc or lirouni Coal, abundant in Central 
Europe, Pimjab; and found also in Devon, Anln’m, iVc. 

Coal, usually associated with rich iron ores, occurs in many 
detached areas, usually <;eolo^:icaI basins, called Coal Fields, 
Those in Britain yield 135 millions of tons (^f coal, and 7 millions 
of tons of iron annually. The chief arc : — 

I. The Forth and Clyde, incliulinj; Ayr and Edinburgh, 
2. Neic’eastlc. 3. 4. Laneashire and Cheshire, 

5. Yorkshire , 6, Ntoih xStaJford or ‘‘ Potteries.’* 7. xSouth 

Stafford or “ Black ('(nuUry." S. I)r'^st<d. 9. Dean Forest, 
10. South ICu/t's (900 Sfjuare miles). 'I'he llucc latter were 
doubtle.ss once united, and Ramsay thinks much coal still lies 
buried under newer strata in and aouind the Severn estuary. 
Coal occurs in 17 counties of Ireland, but nowitere in 
abundance. 

Foreign Coalfields occur in Belgium, at Lie^e, tkc,, North 
France, Rhine lVussi;i, Silesia, North-West Spain, India 
nV.s/ of Cali utia, I’orueM, .'infl h'ormnsa, North America. 
[Sec at end (»f hook ). “ Nowhere is tlic Coal formation 

more extensively dispiaxed th.An in the United States, and 
in no j'art of the world an; its beds <>f greater thickness, 
more C( eivt niera tor working, or more valuable in 
(juality .’ — t Damo, It occurs there in the following areas: 
1. Pesinyel eitnin to Alahiioui {'yeo by 2vS(> miles). The 
Pittsburg scam alone eovers sfjuare miles, an<I 

is 10 Ret thick. 2. JUinois, Indiana, Each of these 

areas is as large :ts lengd.ind and W’aies. 3. Missouri, 
.f. M ichitora . 5. Riiodc Island. In Nova Scotia anrl New 

Brunswick a coal arcai occurs of 10,000 sf|uarc milrs. In 
Cape Breton Island ; an<l in Canada, U> the liast of the 
Rocky Mountains, coal is also abundant. 

The above coaLs arc of Carboniferous age, l^tit coal occurs 
of other periods, e .^, — 

Of Keuper at Richmond, U.S.A. (26 miles by 4 to 12;, the 
main seam being 30 to 40 feet thick, and of the best quality. 

Of Oolitic at Brora in North of Scotland, South of India, 
Labuan, Phillippines. 

Of Cretaceous Vancouver Island and the Kocky 

Mountains district from New Mexico to Canada. (The 
vast deposits here are Lignitic, and may partly be of 
Eocene age.) 
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Of Miocene age, in North Greenland, North Germany, Switzer- 
land, Bovey in Devon. Most of this is Lignite, and 
still shows woody structure. 

Graphite, Plumbago, or Black Lead is nearly pure Carbon, 
and often only an extreme form of Anthracite, ^nd so of 
coal. It occurs in Cumberland, Cornwall, Spain, Bdhemia, 
Greenland, Finland, Norway, and especially Canada ; usually 
in slates, schists, gneiss, granite. The chief supply is from 
Ceylon. 

IRON is everywhere diffused, and rich deposits occur in most 
coal fields, as also in Laurentian strata in Canada ; in Silurian 
strata in Mid-Sweden ; in Great Oolite Sands at Northampton; 
in Middle Lias Cleveland, Yorkshire. (Formerly it was 
largely worked in South-East England from the VVealden Sands.) 

Iron Pyrites, the chief source of Sulphur, occurs very abun- 
dantly, especially in the Coal Measures. 50,000 tons are 
raised yearly in IJritain, and 500,000 tons are imported from 
Spain, dec. 

GOLD has been ifetectcd in airno.st every connin’ and every kind 
of rock, especially slates and schists ainMUuling' in quart;? veins. 

It occurs hotli in the veins and in the rock ne.ir the veins, and 
still more in the detritus — gravel or alluvium - derived from these. 

It is usually in a native state in crystals, grains or nuggets. 

The Romans worked extensive gold mines in Caermarthen, and 
gold occurs there and in W'icklow, J.ead hills ! Scotliind j, 6 cc. 

It is worked in Hungary and Transylvania, Piedmont, the valleys of 
the Upper Rhine and Danube, Sweden, Russia in the Ural di.strict. 
Siberia in the Altai Cliain, Thibet, Vunmin in Chiral, Eornco, dec. 
Hut the chief supplies are <.)bt;uncd from Australia, diiellv Soulh- 
Hast part, Tasmania, New Zealand; .and North America, both 
the East side from Nova Scotia to (leorgia, and the West sitle 
from British Columbia to Mexico— above all in California. In 
South America, Brazil — Mifurs Germ’A, Chili, Peru, New Granada 
and Nicaragua ; in Africa, the Transvaal and Guinea Coast are 
important sources. 

Sii-VKR occurs in Britain, chiefly in Le.ad ores, as at Alston Moor, 
also in Spain, Saxony, Hart-x Mountains, Austria, Hungary, Asia 
Minor, Siberia, Nevada, U.S.A.. but most abundantly in Mexico, 
at Guamixuitto, and the Andes of Peru and Bolivia at Pasco, 
Potosi ; and Chili at Copiapo. 

i 

Platinum is found only in alluvial deposits, and only in the 
Ural region, in Brazil, and in New Granada, 
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Mercury— (Quicksilver) occurs in Spain at Ahmden^ Austria 
at IHrin, the Palatinatc/fuscany, Ceylon. China. Japan, California, 
Mexico, Peru. Of 4.000 tons raised yearly, California yields 
nearly two^thirds, ^and Spain one-third. 

Tin occurs in Cornwall and Devon (both in lode.s and in stream 
deposits), in Saxony, Bohemia, Spain, Siberia, Bolivia ; but 
especially in Tenasserim and Banca Island in South-East Asia. 

Copper occurs native in hu.i;e mas.ses, up to i ton in wei^^ht, 
near L, Superior, and lar;;ely in S. America and Siberia. 
Various ores occur in veins in Cornwall, Devon, N, Wales, 
Saxony, cSic. 

NoTi:.— tS' 7 i 70 / 5 / 7 / is the head-f|uarlers of copper and tin .smelting. 

The other metals are too abundant and wide-spread to l>e 
noticed here. [Far important ores, set* p. 28. J 

Rock Salt occurs, usually with red clays and Gypsum, of 
Kcuper age-iji Cheshire at Xort/ra'ii Ji and Ndfitiriili ; in 
Worcester at DroitwicJi : in StaUbrd at Shitlnivich ; in Durham; 
near litJfast; also in Spain: Austrian l^oJand at Witliczskn, 
where 50,000 tons are raised yeaily, and the district for 600 miles 
on each side of the Carp/tthians, which is incomparably lich in 
salt ; Sal/burg, lyrul, .Syria, Punjab, China, United States, 
Andes, etc. 

Si, ATE of Cambrian worked in North Wales at Penrhytt, 

Lhinheris, 

Of L. Silurian at FftsUnwi^ in Merioneth ; and in 

C umberland. 

In Wenlock Shale near LitiugoiUoi ; of Devonian age 

in Cornwall and Devon. 

Slates arc also obtained in Scotland, Ireland, of Silurian age; 
and in Spain, Italy, France, United State.s, of various ages. 

TiLE-STONRS—lhin-beddecl sandstones, used for roofing and 
flagging — are»found in several formations, from Upper Silurian to 
Wealden, and much used in Forfar, Dumfries, Yorkshire, 
Gloucestershire (on the Cotsw'old Hills). 

Kaolin, or Porcelain Clay, derived from decomposed Felspar, 
is dug in Cornwall, Saxony, China, japan, Delaware. 

Marble, or Crystalline Limestone for Statuary, is got chiefly from 
Carrara, near Spezzia in Italy, and is of Oolitic 
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The ** Encrinital Marble ” of Derbyshire and Yorkshire is of 
Carboniferous age. It is much used for chimney-pieces. 

The “Irish Green Marble” of Connemara: the Serpentine 
rock of the Li/ard, bbth chietly of Serpentine (s^;e p. 27); 
the “Cipolino” and “ Kuin Marble” of Italy, are all cel<^;>iated. 

Limi.stones used for building occur in Britain — 

Of Devonian age -n PlymnHth and Torquay. 

Of Carboniferous age i*^ Derbyshire, Gloucestershire, &c. 

Of Permian age, the Magnesian L. used for York Minster, 
and the Houses of Parliament ((juarried at Bohover). 

Of Oolitic tlge Porilaud, Bath, Boa. Cotswold Hills, 
at Sirouif. Paius^oii'U^ CluitcuJiani ^ Lincoln and York 
Wolds ; also the l\irbecl% limestone and marble. 

Of Wealden age, the PeUvorth or Sussex marble used for 
church decoration. I-'or its t)rigin, see p. 2. 

Of Cretaceous age, the Kentish rag, a hard, sandy 
greenish L. (|uaiiied in the H\t)ie beds at MaidstonCt 
Ilytlic', vVc., and the Totternhoe vSlone of Cam- 
britlgeshire, t)f Lower Chalk age. 

Of Eocene age, the Nummulitic L. of the ce'ntinent is 
extensively uset! in South luiro’pe, Syiia, ligvpl, tX’c, 

Of Oligoccne age, the Beml.'rivlge L. of tiie Isle of 
Whght. [For its origin, sec p. 2.] 

LiMi^. is prcpare\l i's- burning in kilU'S any of the alx^ive 
Limestones, as alsv't otliers iiidii f,»r haildiiig. W’eniock 

L. Marlstone, Chalk. If impure trojn clay ( Aig,ilkiCeous L,,) 
hydraulic lime is obtained, used for cement, which will set 
under water. 

Sin’TARtA are nodules v)f clay with fissures (due to contraction in 
drying), since filled with Carbonate of Lime, which forms sepia. 
They occur in the London clay. Lias, Ludlow Rock (as huge 
ball-stones). Formerly they were sought for making cement and 
hydraulic mortar. 

CorRotiTr.s are concretions of phosphate of Lime, derived from 
decay of animals, or possibly of sca-wceds, and often investing 
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animal remains. They are of f^reat value in the preparation of 
artificial manure. In 1*^75, in 3 counties onlw 250,000 tons were 
raised. Beds of these fKcur in -i. The Ked 

2. Coralline Crag, of Suiioiu. 3. Upper Greensand <>f 
Cambridgef^ 4. Gault. 5* Uj[)per Neocomiaii, f>. Bala 

beds of North VVale.s. [7. 'lertiary strata of Georgia and 
the Carolinas]. Phosphalic dcpi)sits occur also as Apatite, 
and are largely worked in the gneiss of Canada and 
Norway. 


Sandstonks used for building and llagging, are mostly — 

Of Old Red or Devonian age, Chi'pst(yi<\ Dumhi , Caiih^ 

tuss^ Cork, Kerry, 

Of Carboniferous age, as tlie \'orkshire dags, Voredale rocks, 
Millstone grit. Pennant gnl, Craigleilh or Calci- 
ferous sandstone of Hdini)urgh. 

Of Permian age, at I'enrith, St. Bees, Furness Abbey, 

Of TriaSSic age, the l.. Keuper rock of the Midland counties. 

The Hunter Sandstone is loo friable for building. 

Of Lower CretacCOUS age, th^- Hastings sand, Bargale stone, 
Folkestone beds of the Lower Greensand. 

Sandstones (jf Tertiary age arc very important in South f-'-urope, 
and form a Cf>nsiik:rable part of the Himalayas, 

Gkamik of various colours and degree^s of coarseness, is 
largely used for sea -walls, dock-, briilges. ht>ust.s. t\:c. ; and when 
polished f(^r decoration, especiall> that foun .\lK.adi;en t?,ovi’), 
Peterhead {rt(h, Mull {piuk\ Snap { porphynl'h Mount Sorel 
irosi' pink) Jersey uinrk h!i(i 0 Dartmooi ^yny fu u 7 /o'< i. This 
and other Igneous rocks are l.ogely useii f<u road metal, locally 
and in most large town.s. 

There are two Klernentajy bodies, not metals, wliich occur 
native, and may be noticed here. 

The DiAMOkiD—pure Car])on -found in crystals, and in water- 
worn grains in sand and gravel, in sandstone and itacolumite, and 
in certain volcanic debns. The chief sources arc — South Africa 
at KimberLy , Brazil, India, Australia. 

Suuuu:k is found in thick beds with g;. psum, in marine Tertiary 
strata in Sicilv , Naples and Tuslany ; also m the geyser regions of 
Iceland and New Zealand, and mure or less in most other 
volcanic regions. 
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ON THE MINERALS FORMING ROCKS. 

*'A minrrnt is a uniform (homr>fftrneous) substancn, formed without the agency 
of man, ami umlc-r « <»ndUu»ns in whuij neilher aninnil nor vegetable life has 
taken part.' - h'uticy I suaily a rniiuTal has a iielinite chemical composition, 
aiul a proper form for a s< ries of related ft»rnmj, usually that of crystal, wdth 
plane laces and angles whost* value is constant for the same species of %iineral. 
Slinerals can grow only by the adilition of m^w matter on the exterior— i.r, 
by ac( rrtion. 

Characters by which to distinp;uish minerals: — i. Form; 
2 , C'omposition ; 3. Density; 4. Hardness; 5. Cleavage; 

6. Fracture; 7. Colour, Lustre, or other effect of light; 8. Streak 
or colour of scratch, or of mark made on paper, &c. ; 9. Taste 

or Smell. 

Ni.>i r . — These terms ate more or less used in reference to rocks us tvtll as minerals. 


1. The form, if a crystal, is usually a j^rism or a pyramid or a combination 
of sut li, and is referred to one of six systems, vi/. ; 1 . ( ubic ; 11 . Tetnigonal; 

1 H Ib'Nagonal , IV. Khombic or I'risinatii ; V Momn linic ; VI. Triclinic. 
Otlu'r toruis an' scaly, columnar, ncdulat , ^tanular, rctafarm, mammillated. 
Amotflu us means tin; ahsenta* of any definite hum. 

2 'riu‘ compositifm is expressed by staling the elements or chemical com- 
jrounds present, (*r more briefly by a chemical formula. 

3, The I tensity (»r Sju'cil'u: (iravilv is e.xpr.'ssed by a number w'hich 
cmnp.ua". it with Water as unity. Nb'st roek-forining minerals vary from 

2 t«.' t ; metalii< cues may be S cir 10. and native metals even 21. U'o find it 
rc<}uiri's weighing in air and in water. 

,p 'I'he hardness, II, is readily te.sted by a knife or file, or l>y finding what 
minerals it can scratch, aiul what can scratch it Sutdi lest minerals form a 


S* am: Oh 

(1) Tai c , soft cleavalfle vatuty. 

< v’) lv<*. K S \ ! T. i>r ehe 

t'lMsTM (varufy Selenite}. 

[ .’ 'I'he tingf'f nail i. 
i\) ('aic Si'AK or VAi.criR, 
f.j) I'l t'oR SrvH 

(S) .ViAi'iri. or else Win a 0.0 Class" 

‘riif ahuvt' .'ur too i,oU lot 


(O) OKTUOCt.ASK IT I. SPAR 
■or a good steel knife' 

(7) QI AKIZ or I'l.lNT 
Toi'a-/.. 

(o) or Tlmer\\ 

iSaffhsrc or EmetaUi). 
fro) i)l.\MONl>, 

Thf ah<»ve air atl rut as groins. 


5 f'le.avage is a tendency to sjAlit along definite planes, and is well-markefl 
in Mica. Diallage. Selenite, ('ale spar, Ac 

N.Ii,- In Ct.iy Sl.ur, a stiurturc, ilu< to prrssutr, is well 3M?rn. 

6, I'ractnn? or form of a broken surface may be ccnehotdal wnih curvexl face, 
as in flint, obsidian; even or fiat; rough or hackly; or earthy, as in chalk, 
clay. Ac, 

7, Colour is little to l>e depended on, as it may vary greatly with slight 
impurities, or change on exjnisure tiv the weather, or to the action of water. 
Hetl. Yellow Hrown, is usually caused by Oxides of Iron . Green ofttan by 
Silicate of Irtnr ; lUack by Magnetic Oltde of Iron, Thus Iron is the great 
colouring agent of the wvirld 

Streak is most iiH‘fnl in distinguishing the oxides of Iron. (See p. aS). 
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CHEMICAL COMPOSITION OF THE EARTH. 

Out of about 66 known Chemical Elements, mostly metals, 12 
only occur abundantly, makinj^j up 999 parts in i^ooo of the 
Earth’s c^ust. 

The «fercentage amounts of these given in Vir.ackets in the table, can only 
be estimatcid roughly from analysis of the known rtHrks of the crust ; the 
materials of the interior may 1 k‘ very dillerenl in pro]>i>rti<m if m»t in kind. 


NON-MKTALS 
Oxygen, forming 48 p.c 
Silicon .. 29 - 

Hydrogen .. 0.2 „ 

Carbon \ 

Sulphur [ 


( 0 .) 

(Si.) 

(H.) 

(C.) 

(S.) 

(Cl.) Chlorine) form 


Tht:^se, with all 
Other clemtsnts 
not named, only 


0.3 p.c. 


MKT.M.S 

(Al^i Aluminium ^ pt** cent. 
(Fe,) Iron 6 

(Ca.) Calcium 3 
(MgJ Magnesium 1-5 
(Na.) Sodium 2 
(K.) Potassium 2 


Thus O. forms nearly onc-half, and Si. nearly one- third the 
whole Earth's crust ; their compound Silica forms nearly two- 
thirds of the whole material of known rocks. 


The union of any two elements produces a binary compound* as — 

H.jO. Hydrogen oxide, or Water (form iinc 2.7 p.c.) 

Si Oy Silicon dioxide, or Silica (formin^^ f)2 p.c.) 

C O.y Carbon dioxide, or Carbonic acid ^ms. 

Fe Sy P'erric disulphide, or Iron Pyrites or Mutulic. 


The union of a metal with Oxyg^cn usually produces a Pmse, as — 
Al.yC)., Alumina, forminf^ 15 p.c. K-O. Potash, forming 2.4 p.c* 

Ca'o.’ Lime, „ 4.2,, yi.O.Soda .. 2 7 ,. 

1 ., Pel). Iron protoxide 1 j, , 

Mg O. Magnesia ,, 2.5 ,, Iron peroxide ( 

The union of a non-metal with H., or with M. and ()., usually 
produces an acid, as: — H Cl. Hydrochloric acid ; H^S Sul 
phuric acid ; H^Si O,^ Silicic acid. 


The action of an Acid on a Ease priuluces a Salt, as — 
Na Cl. Sodium Chloride (Common Salt); Ca CO., Carbonate of 
Lime or Calcium Carbonate, which forms all Lime.stones. 

* 

Most minerals are Salts ; by far the greater number which form 
rocks being Silicate.s of one of the above-named bases or 
mixtures of them ; a few are Carbonates, Sulphates, Sulphides, 
Chlorides, See, 


If water be essentially preefent in a mineral, this is said to be 
Hydrous or Hydrated, r.g., Kaolin (and Clay), a Hydrated 
Bisilicate of Alumina ; Gypsum ; Opal ; Serpentine* 
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The CiHEF RocK‘Forming Minerals are : 

2 , — QuSLttZ^ ii-7i com posed of Silica , i.e., Silicon oxide (Si Ojjj ; 
Crystals (of System III.) in 6-sided prisms with pyramids, 
but usually imperfect in rocks, mere f^lassy lumps. 

■ Varieties are : — Rock-crystal, Amethyst, Cairngorm, Aventurine ; Cat's eye. 

IhicrystalliseJ forms are Chakedonv , Agate, Onyx, Flint, Chert. 

Opafiue formiiare Jasper : Hydrated forms Opal and Sinter (Geysetite). 

Most Sands, Gravels and Pebbles are less pure forms of (Juartz. 

2 . — Felspar, H.6, composed of Silicate of Alumina, together 
with Silicate of Potash, Soda, or Lime, and often coloured by 
Iron oxides; Crystals (V\ or VI.) usually long brick-like 
prisms. There are several species of Felspar, besides varieties. 

(1) Orthoclase, or Potash F. ;KyO. Ak,C),j, 6 (Si 0 ^).,] a|>un- 
dant in granite. Sanidine is a clear glassy variety, very 
abundant in Acidic Volcanic rocks, r.g., Trachyte. 

Other varieties are .\dularia, Sunstinur. Moonstone. Amazon stone. 

(2) 01iogOClaS6 is S(ula*Lime F., like the last rich in Silica. 

It is possibly a inixtnn; (31) of two other rarer kinds; — 

(3) Albito or Soda F., often found in ^jranite. syenite, and diorile, 

(4) Anorthitc or Lime i',, found in some old lavas and dioriies. 

(5) LabradoritO Lime-Soda V. aiul poor in Silica. 

It is ^X)ssibly a mixture (1.3) of the last two kinds. 

It is soluble in acids, and rarely occurs with Uuartz or Orlhoclasi:, 

All these e\cej>t the first are Plaftioclase tSystem VI 'i'ricbnii), known 
from t.)rthoclase by the ol>lit)ne cleavai^e, and hno parallel lines due to 
repeated tvvinninj^ of the crystals. 

aa.— and Lrnciic are inimTals, similar in comj)osition, but not in form, 
to Felspars, which often taki' the place of Felspar*^ in V\;suvian 
and other Lavas, but .are not known in Cireat ftritain. Xouan. llattyne 
an<l EpiJoti may be j^rouped with them. Zeolites are hydrated minerals 
of similar composition, and easily melting, hence their name. 

3 » — Horablendef H.5-6. of Silicates of Magnesia and Lime, 
with some Alumina and oxides pf Iron ; a heavy usually dark 
green or black mineral. Varieties are Actinolite, T *'* 

, all in long, slender (needle- like) crystals. 
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4 , — Augite tesembks Hornblende in hardness, composition, 
colours and general forma, but (he angles of the crystals and 
the cleava^^es differ. Varieties arc DiaUu^^c and liromitc, 
both foliated like Mica, but harder, and with metallic lustre. 

NJi . — flornhlende occurs associated with free Quartz, or with 
Orthoclase, chiefly in the older rocks. Aiigitc has rarely been 
found with either of these, and occurs in the newer rocks. 

jfa, — Olivine, H.7. is similrir to AuL'itt* in yoneral nnnposition, anti occurs with 
it in olive-grcori masses in liasalis, many MotcoriUrs, tVe, 

5. — MiCA, ^*^'3’ includes several soft minerals easily splittini; 

intothin elastic flakes, owin^; to the very perfect basal cleavage. 

(1) Miisiovitt' or Potinh Mii-a, used for lanterns, gas c<»vrrs, iVc. (1\'.) 

Myilrated forms are Ihimounte, MdifiatOiltte, So tote. tVe , al)undaat in 
tlic lustrous schists of the Alps. vVc. 

(2) Lepidolitc or Lithia Mica, occurs in small pinkish or lilac scales. 

(3) Biotite or Magnt^tan Mica, n»'arly black in et)lour. (Ill ) (‘oinmon in 

I.^vas, but rare in (Iranitic rocks and Schist. 

6. — Talc, H.i. and Chlorite very soft hydrated Silicates of 

Magrnesia, See., greenish grey, and greasy to the touch. 

6a. — Serpentine is harder, and often veined .'iiul nnatled green, red, brown, 
it is often altered tJlivine, ami occurs as a rc^ck, at the Lizard, &c. 

Certain other minerals occur largel\', not only in .scattered 
crystals, but often form extensive rocks of .Atpieous origin. 

7. — Calcite or Calc Spar, 11*3. of Carbonate of Lime (Ca CO.,). 

Crystals (III.) in rhombs or pyramids, soft, effervescing 
with cold acid. 

Iceland spar, Dog^dooth spar. Marble ipr Crystalliue Litneslouc. 
All true Marbles and Limestones cmisist of the same material. 
7a. — Aragontit (IV.) has the same comf^osition. but is harder and le.Hs common. 

8. — Dolomite, or Bitter spar (IILj H..f, of Carbonates of Lime 

and Magnesia; occurs as a rock called Magnesian Limestone, 
valuable for building. Cold acid scarcely acts upon it, 

9 . — Sel 61 lit 6 , (V.) H.2, easily cleaving into soft, inelastic flakes; 

of hydrated Sulphate of Lime ; occurs in beds as Gypsum ^ 
often fibrous as Suiin Spa^, or veined like Marble as Alabaster, 
This is the source of Plaster of Paris, and of writing Chalk, 
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10 —Graphite or Black lead, Anthracite or Stone coal, ordinary 
Coal (miscalled bituminous), Cannel, Jet, and Lignite or 
Wood Coal are imperfect minerals of vegetable origin, com- 
posed ch iefly of Carbon with some earthy matter. [See p. i 8 ]. 

lL_Bitumen or Mineral Tar (with Petroleum, N^htha, 
Asphalt, &c.,) is a mineral, often liquid, composed of 
Carbon and Hydrogen. It often impregnates shales, as in 
the valuable Torbane Hill mineral, or Boghead coal. 

22. — The following compounds of Iron are common in or 
as Hocks: — 

{ij U^AgZietitB or Londstnne (Fc^ O^) occurs in black grains or fine dust in 
almost all Igneous rocks ; also in crystals (I.) and in large hill masses. 
]*ow(Uir and Streak l>lack. 

(^) Hematite or Speculnr Iron (Fc.jO,^) is very common a.s red .stains in 
rocks and minerals, as a red powder (reddle), as also in crystals (HI.) 
(iron scales (iron mica), and in roun.Icd masses lining cavitie;s, or 

oven forming hills. Powder and Streak hlood-red. 

(3) Limonite is brown hydrated form of the. above oxides (Fe./).,, H.jO), 

It causes the brown and yellow stains on weathered rocks. Hog Iron-ort 
and brown and yellow Ochres are varieties. Powder and Streak brown. 

(4) Chsilybite Siderite (.'arUmate of iron (I'e CO.,), and occurs as 
Clay iromtone in thick beds, aial in nodules often Septarian, in the Coal 
Me.asurtvi, MitKDe Lias and other clay formations. 

The above are all valuable ores of iron, when occuring in mass. 

(5) TitaniferoUB Iron-ore or Ilmenite (Pe TiOj,, pe.^f)^,) often occurs 

with Magnetite, as grains in Basalts, tScc., or even in veins nr Uids . 
and as Titanic iron saiui in Victoria, New Zealand, the Kiver Mersey, Ac, 

Glauconite i^^a silicate of Iron and Ptitash. and gives the gretm colour 
to the GrtM’usands, C'hloritic Marl, and Chl<»rile. 

(7) Iron INrites is Sulphide of Iron (Fc S.jP and occurs in brass-yellow 
cubes tP), in nodules with a radiate structure and in grains Fossils are 
often pyritizevl by replacement or by encrustation. It »s an ore oi Sulphur. 

The ores of most other metals occur in Veins or Lodes w’ith various Spars, 
$g., Fluor, Calcspar, Quartz. Barytes. The commonest are 

Coppor.-— C.<>pper Pyrites (Cu.^S, Fc^S^) darker and soCer than Iron 
Pyrites; Kuby-Copt>c*r (Cu^O) ; Malachite (Cu CO^--CtiH^U,J- 

LSftd.'^Gaiena (Pb S) resembles Lead, but occurs in very brittle cubes. 

25 ino.-~Blende (Zn S) and Calamine (ZnCO^). 

Tin*- Tinstone or Cassiterite (Sn Og). 

Qoldr^occufs tuttive only, and usually with Quartz. [See pa^ 20]. 
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PETROGRAPHY— THE STUDY OF ROCKS. 

Also termed by different writers Fetrologv and Lithoi.ik;y. 


Rocks are afjf^rej^ations of minerals, cither as loose in* 
coherent grains, blown sand ; or as coherent crystals or 
grains, angular or rounded, and cemented by crystalline or 
by amorphous matter. The usual cement is either Silica, Pels* 
pathic matter, Carbonate of Lime, Carbonate of Iron, or Peroxide 
of Iron. More rarely there is no perceptible cement at all 

Some rocks appear to he uniform anti structureless to the 
eye, as some Quart;fitcs, unci many glassy Volcanic rocks. 
These latter, when examined in thin slices under the A//cro* 
scope, show /ine dusty matttcr tmicrolithsi, crystall/fes, and 
small cry'stals, embedded in a glassy matrix or base. 

The original source of all rock material was the solidi- 
fication of the molten mass of the primitive earth, rnving to 
loss of heat by radiation into space. 'fhe destruction by 
denudation of this t»riginal crust of Igneous rocks alVorded 
the materials for the early Seditncnlary n»ck.s; .'md these again, 
with Igneous rocks of later origin, the niateiiuls for all sub- 
sequently formed rocks of sedimentary origin. 

Rocks may be named and classified according to: — 

1,— Their Chemical composition, Siliceous, CalcareflUS, 

Carbonaceous. 

It is usual l<» classify Igneous rocks, whatever their structure’ 

into — 


A. Acidic — containing more than Go per cent, of Silica or 

Silicic acid. 

B. Basic— with less Silica than this, but more of the heavy bases. 

Some writers make 4 classe s, the alxjve two, ami aivj the following 

C. lntenTjediatc--w;th from 55 to f/j }x*r cent of Silica, fg., Syenite, Dioritc. 

D. Ultra basic- with less than 45 per cent- of Silica, f.g , I'eridotile, Corsiie. 

This classification arose out of .^Jun^thcr's theory that all igneous rockft 
have been derived from one or other of two magmas; or layers of raoJtcA 
matter lymg in distinct zones beneath the solid crust of the earth. 
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2. — Their Wnenlogical oomporiaon, 

3. -Their Mode of Origin, viz.:-I. Igneous or Eruptive. 

II. Aqueous or Sedimentary or Derivative. ^ 

III. Metamorphic or Altered. 

4. -Their&eneral Structure, viz. : -I. Unstratified or Massive. 

II. Stratified or Bedded. III. Foliated or Schistose. 

5. — Their Minuter Structure, as seen even in hand specimens. 

I. Crystalline, all or chiefly of crystals, c.g,, Granite, 

Gneiss, Marble. 

II. Non-Crystalline, Clastic, i.e.. Fragmental, e.g., Sand, 

Clay, Coal, Chalk. 


I.— The Crystalline Rocks, classed as to their general structure, 
are — 

(1) M&SSive — in irregular masses, sheets, veins, dykes, 

as in nearly all Igneous rocks, Granite, Lavas. 

(2) Foli&t6d — in irregular alternating layers of different minerals, 

as in Mica Schist, Talc Schist, (Quartz Schiefer, Gneiss. 

(3) Stratified — in White Marble, Quartzite, Dolomite. 

The minuter (a) Wholly (or Hole), crystalline, e.f;., Granite, Gabbro, 
stnu tMio ^ [h) Semi-tTystalline, with some glassy ba.se, e.g., Trachyte, 
may be ) (r) \'itreoiis or ( Jlas.sy, Obsidian, J’itchstone, Trichylyte. 

Vnrivtivs of the IntUr stnwiiirt; arc Trichitic, MicroJitic, Spbacrulitic, Pcrlitic, 
Fltiidal, i-fanJed; the two latter due to irregular How of lava. 

Norii»-~ Rocks with the same ^ i)mpo.sition are often extremely 
unlike to the eye, ( Granite, Felstone, Obsidian. The texture 
of a crystalline rock is of great importance, since it shows the 
conditions under which it was formed ; r.jg., the pressure, rapidity 
of cooling, place or depth of solidification. 

II. — The Non-Crystalline or Clastic Rocks may be classed 
as to either their — 

fa'i C debris of older rocks — Mechwlcftlly foiled. 

< O) Of the remains of plants or of animals— Ortfanicallv detivod. 
Origin I (3', Of precipitates from solutions -Chemically f^ed. 

( 6 ) Composition, AfenaceoUSyS^nds, sandstones, grits, breccias 

Argillaceous-clay s, shales, slates, clunch, brick earth. 

Calcareous — limestones, marble, chalk, dolomite. 

Carbonaceous — coaly anthracite, graphite, peat, lignite^ 



The CaYSTAtuKE, MAssmi^ or Ighboos Rocks. 

The denser and more perfectly crystalline forms of Igneous 
rocks — without glass, scoriae, or ash — are called PtutONic or 
Hypogene, because probably solidified at great depths beneath 
the surface. The more glassy and semi -crystal line forms — 
often scoriaceous, and with ashes, tuffs or cemented ashes, 
and amygdaloids — are called V'olcanic, because probably erupted 
at or near the surface. Some of the latter, of intermediate 
character, were formerly called Trappean rocks or Trails, 
Basalt, Felstone, Greenstone. 

Note. — The minerals usually present in each arc denoted by the initial 
letter, this being enclosed in brackets where noivtssei\tUil or secondary, 


means Quartz; Orthoclase Felspar; F(2*) J 

FtS.) L abradoritc ; M. Mica ; H. Hornblende ; A. Augite. 

A. Acidic Group, composed of highly silicated Felspar, 
together with free Silica as Quartz, except in the 
Intermediate group. 

These are relatively light (S.G. alxnit 2.5) and infusible; and contain 
al)out 74 per cent, (jf Silica (66 to bo). 12 ol Alumina. 7 of Potas^h and 
Soda, 2 of Lime and Magnesia, and 3 of the lieavy metallic oxides. 

The chief Plutonic rocks containing excess of Silica, are : — 

Granite <>1^ F(l) Q, M. (idso often F( 2 .) and Iron oxides). 

The Ft.lsp.ir forms tlu; large rry.slals, and is cither a dull while, owing 
lo kiirlmis^ttion, or tinted re<l, jjink, iVc,, by Iron oxide.s, Tire Mica 
is Muscovite varying from white* to black. The (Jnnrtx is usually 
seen as glassy lumj)s often mouhkxl on the otiter minerals, and 
possibly deposited from solution in hot water, after the other 
minerals bad been formed in the pasty mass, for the tjiiartz ia full 
of fluid ca vitie.s. This would give to graiiiie an A<pi<;<e Igneous 

origin due to Hydrothermal action. iTobably many granites are 
due lo intense metamorphism of sedimentary rock.s, and .so arc hut 
- an extreme form of gneiss, into which it is often seen to pass 
imperceptibly. The depth of origin has been supposed to vary 
from three to twelve miles. 

Granitite has pink Orthoclase, much Oligoclase and little Quartz. 

Granulite haa red Garnet, and no Mica. It is really a Schist, 

Greisen is chiefly Quartz, with Mica but no Felspar. 

Protoginc has no Quartz, but much Hydrous Mica, and Talc. 

Pegmatite consists of very* large crystals, in veins. 

Graphic Granite is of Q. and P. arranged in layers like writing. 

Homblendic Granite contains H. as well as F. Q. M. 



SyBllitio Granite as in Cleopatra's Needle^oi F(i). Q. H.but no M. 

Syenite proper, of F(i )• and H. but no free Silica Intermediate* 

Quarts Felsite or (^uart;? Porphyry contains crystals of Q, in a 
fine-grained scmi-crystalline or felsitic base of F. Q. (M. H.) 

Feletone of Q. and F(i). if very fine grained it is Felsfte. 

The chief Volcanic rocks with excess of Silica are ; — 

Quartz Trachyte^ or Rhyolite, or Liparite, the “ Lava of Granite,” 
of crystals of Q. and F. (variety in a paste of Q.and F. 

Obsidian a glassy form of the same ; dark, lustrous, conchoidai. 

Pitchstone, Perlite or Pearlstone, and Pumice are other glassy 
forms, the latter with cellular structure, the froth of Acidic lava. 

The Inteumkdiate group contains rocks with about 6o per cent, 
of Silica (55 to 66), and about 8 per cent, each of the Alkalies 
Potash and Soda, the Alkaline Earths, Lime and Magnesia, 
and the heavy metallic oxides. 

The chief Plutonic rocks in it arc : — 

Syenite of P(I }. and H. — a coarsely crystalline dark rock. 

Mica Syenite c»r M incite, and AiigiU: Sytmite are rare varieties. 

Elajolitc Syenite has Nepheline in place of Felspar. 

The “Porphyry '' of the ;incients is a purple porphyritic form of Syenite. 

Piorite or Greenstone of F( 2 ). and H. ^and often M. or A.) 

It is a common rock, and much like Syenite and Dolerile. 
l>iorite Porphyry w.is the Ulack I'orphyry of the ancienus. 

Aphanitc is the compact form of I>jorite, aiul much resembles Basalt. 

The chief V'olcanic rocks of the Intermediate group are : — 

Tmchyt6| a bgbt grey lava, rough to the touch, with clear 
glassy crystals of F (i.) (variety Sanidine), usually small 
but often very large, in a glassy base of Felspar, See. 

Andesite, Lava with neither i^.nor F(i.) (Sanidine ), but of F( 2 .) 
H.,and often A. and M., and named accordingly. It occurs 
largely in the Volcanoes of the Andes. 

Porphyrite altered Andesite, abundant in the lavas of the 
Old Red Sandstone in Central Scotland, and in Germany. 

Phonoiite ** ® semi-crystalline rojjk, formed of plates of Nephe* 
line and Sanidine F. It is lustrous grey, and clangs when 
" atrkk* 
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B. Basic Group, composed of poorly silicated Felspar, very 
rarely with any Quart/, but with excess of the bases 
Magnesia and Lime, and the oxides of Iron. 

The^ are relatively heavy r<Kks iS (i :r lo a»ul canily 

1 ht‘}‘ ct»ntain alout ye j t i tent, ol y to s->), tmi rarely any fret? ; 

c'^'ouT 12 of Alumina, <ailv (.-f l\>ta-sh aria So«ia. is of Magnesia and 
Lime, aiui i-j of the heavy o\ides of Ir^ir, Ae . Magnetite. 

T itanoferrile. These oxioes t:f Iron are vt i s j'lontMo chan}.;e into the 
I’eroxide ol Iron, or into this ludr.iietl, sm h ^:ive reil, and 

yellow tints to the, rocks, while llte allere.,! Magnesian silicatc^» ramslantly 
add ijreen colourations 

The Felspar is rarely Orthoclase, but Is usualK I,.;ihradorite. F (y) ; and is 
often replaceil in part (*r whole by l.emitc, Ni'pheline, N'osean, Ac, 
Augite is usually abundant, but Ibnnbhiuie is rare Olivine almost 
always occurs Mica, if preseni at all, is I .i^ tite, not Muscovite 

The chief Plutonic mcks of the Ibisic arc 

GEbbro or Diallage rock, a heavy granite like rock of grey or 
violet Labraclorite. ( F 5I, Angite Hisnally the variety Diallagc), 
with Magnelite, and oftett Iron Pm lies. Olivine. iVc. 

The Diallai^e is I'ron/y or pearly, and i lt avt s like Mi( a liabltjo rN'cniH In 
Skye and Mull, connected with volcanu {'uttlow. f.} e.tily 'I'l ifiarv a^e 

Hyixrrsthene nx k, olivine- ( labbro, Ani’r(hil<. (iabbto. Ac , are \aneltes. 

DiEbES6 of F (51, A, with Iron oxides, anti also a green rnincnil 
I'/V/t/f/t , i piobably Chlorite, or else altt led Augite or Olivine). 
A porphy ritic variety, “ Green Poiphyrs .'* iunn Italy, is much 
valued for ornamental purptiscs. 

The chief V'olcanic rticks of a Basie chaiacter are: — 
BeSeII, very coni|>act ])lack rock, showing iimlcr the Micrf>scope 
crystals of some 'riicbnic b'elsjtai, usually' I' (5I; Augite; 
also Olivine and much Magnetite anti 'ritanifcrou.s Iron, ail 
embedded in a paste of glass tn (»f cry slalliles. 

FkiKalt occurs in lava stn anis, slm ts. dvk<-,. .tnd veins, often in parallel 
columns, usually six .siih-fj. vUiu h are pei ja nda uiar to the t o<;jjng vairface 
Some great viisincts covt red by I'.asaltic sheet .. .nt; 1 Idaho. VVyi-rmng, 
&C., in the Idiited States. 2 The 1 »'•( a .en pl;»t«,;ui in Itidia. j Al?y'*s)nia 
4 The Khine, mar lionn 5. '1 he \V» stern ld*s-d Scotland; Skve, Mull, 
Stafia {hinf22ti s also Antrim {with iti-Ant';-, i.Aii i um',). 

XoXE — Some think these Jkis,tlt she.ets wen.' i rijptetl, not fiom craters, Init 
from great fisf*urcs, since wall like dykes of iCisah are fonnnon , the f lewlantl 
dyke extends for ok) miles, from near Whitliy to near Carlisle, 

Besides ordinary compact Basalt there are the following varieties: 
Tachylyte flr glassy Basalt, due to rapid cooling ; abundant at 
kilauea,t\^., Pelc's Hair; elsewhere only known in thin bands, 

Anamesite, with just visible cry stals. 

Dolerite with coarse cryxstals, much resembling Diorite and 
Syenite. (Hence the name from doUros, deceitful). 

This includes! most of the old Cirecnstones * or "Trapi*/' and iftccjmmon 
around Edinburgh. It is often taken a.s the typ<j of Basic lava» which arc 
referred to as DQUritU, in contradistinction to the Trath) tu or Acidic lavas. 
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Leudte Basalt (grey), without Felspar, common at Vesuvius. 

Banaltic rocks are readily altered by the action of water and the weather ; 
the Felspar chanj<inf? by hydration to Kaolin, the black oxide of Iron to the 
brown or yellow hydrated ptiroxidc, and any Olivine to Serpentine or Chlorite, 

Melaphyre, a name loosely given to ancient altered Bastlt^ 

It is red, green, or brow*n, and often amygdaloidal, as in “toadstone.” 

Wack6, a clayey nKk, due to further decomposition of Basalts. 

The Ultka-Basic group contains rocks, with only about 40 per 
cent, of Silica (35 to 451, but with 30 p.c. of Magnesia and 
Lime, and 20 of Iron oxides. Few contain any Felspar, but 
Olivine and Augite, with Chromite, Magnetite, &c., make up 
the mass, which is often altered into Serpentine. 

Hocks of this group, though rare, are of interest owing to their composition, 
which approaches that of Meteorites. U>dies of extra-terrestrial origin, 
The chid areCorsite w ith I ' { 4 ). Peridolite. 1‘icrite, Dunitc, Lherzolite, &c. 


The following terms relate to the structure of certain Igneous 
rocks, irrespective of their com{H)sition : — 

Ashes — ash-like dust ejected by volcanoes with violence, and 
often carried by the wind enormous distances. They are 
formed from lava raised into blisters — well seen in scoriaceous 
lavas — by steam or other gases, and blown into the air, the 
fragments being ground to dust against one another during 
ejection. 

Lnpilli and Volcanic Blocks are coarser materials of similar 
origin. 

Bombs are ejected masses of biva, porous or hollow within, but 
glassy without, and rounded, owing to rotation in the air. 

At^^lomcrak is the coarse, unstratificd debris in and around 
the craters of Volcanoes. 

LeyE a general term for the molten rock of volcanoes, whether 
Rhyolitic, Trachytic, Andesitic, or Basaltic in composition. 

The duidal character is chit fty due to the large amount of water it encloses, 
which often gives a porous or scoriaceous structure to the solidified 
The water may exist as such in the lava, though at a very high temperature. 

Tuif^ are consolidated ashes, often stratified and even fossiliferous, 
owing to deposition in water. Sometimes they are Volcanic 
mud, setting into a hard rock, as at Herculaneum. 

Some Tuffs were probably lava streams suddenly cooled by w-atcr. 

The Peperino found near Rome, and the Trass of the Eifel district are 
Tuffs of Tertiary date; the summit rocks of Snowdon are Tuffs iff Lowet 
Silurian age. Ancient Tuffs arc abundant in central Scotland. 
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Amygdaloids are altered scoriaceous lavas, the cavities in which, 
due to expansion of steam and teases, have bec<nne lined or 
hlled with various minerals, in almond like masses (amyji(- 
dules), deposited from solution in the water percolatinj; the 
rock. #The usual minerals are yuan/. Chalcedony (as in 
Opal ; also Calcitc, Zeolites, tVc. 

Porphyry any rock havini,^ a porphyritic structure, /./, with 
lar^e crystals, usually i)i a Felspar, scattered lhrou;4h a com* 
pact base, usually felspathic. 

The ori^dnal lV')rphyi‘\ of tht‘ .au ionts was a S\ riiitf witli a ptjrpJo hast*, 
Black V. is a Green I’ a Biahasc . Ouart^ P a Pi lsitt* 

Note. —V aried t'xarnj>l< s ol Porphyries may ht* Man in lUath TVlthltrs, 
Kerbstones. vVc. Porphyritic (ir.innr is nuuh usi j tor il<a'<>r.U!on, 

Table to shtnv the relations of the chief lijnetnis Rocks. 

I, Wholly crystalline. Pia iosn or granitoid forms. 

II. Semi'Cryst.alline, conip;icf. «.»ften Porphyruic forms (Tkai s) 

IH. More or less glassy, f"rrns, inclM<|jf)p, Aslies atnl Tuffs 


Felspar abundant, chiefly Orih(H'!asc or its ^^lassy variety, 
Sdiiidiui' (in III. only). 


With Qnartj; 
No Quattz 


I. 

Granite 

Mii.i 

Syenite 

wlUi iityrnittitJe 


IP 

tju.irt/. I'elsite 

Mn.iil/. Piaplnty ; 

i 

I'elsitearjd Jo-Ist'ine’ 
()i ih'ffi.iM; i 


III. 

Ouari/ Trachyte 
f riji.n it" or l<h><'hnr 

Trachyte 

I'li.aii' < , < Sr 


F’clspar chiefly Olij^in lasc — free Silica or (Quartz rare. 


Wixh Hornblende \ Diorite Porphvriu Andosite 

With nu.ior Oli^: a Us- I’ojj iiyi >, P.niif 


Felspar chiefly Lithratfnritc - OrihocUiHi: and (^)uartz very rare. 

many 


With Aug tie ^ 
and Magnetite, 

Also Oltvine, See. 


Gabbro 

if vtfy i.c>'A!‘f 

Dolerite 

if less f.'a: 


HyjK'rsthenite 

with Hypct'Jhent 

Basalt 

if c.'*ujjatt 


Tachylyte 

if 


Chiefly ofAugiU, with little or no Felspar, and no Quartz. 

With Nefk/ltne ; ICla olite Syenite j!fq>helincPhonohtc, and .NephelineBasali 
With LiMCiti i I.4Jocite Phonolitc and ijaudie Hawaii 
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The above Igneous Rocks classed as to their Place of Oirigiii 
are either.— i. Subaerial. 2. Subaqueous. 3. Subterranean. 
The two former classes include the products of Volcanoes erupted 
at the surface, either into the air, or into water. 

The third class occurs in the following forms '■ * 

(1) filling the chimney of a Volcano, forming a Neck or Plug; 

(2) forced into lateral crevices as Veins; or into more or less 

vertical fissures, forming wall-like I^kes;_or intruded 
into or between surrounding strata as IntrUSive Sheets,* 

(3) solidifying at the " focus ” or hearth of a Volcano, where 

a “Sub-volcanic Lava Lake” or reservoir of molten 
rock e.xi.sted, from which the intruded and erupted lavas 
have been derived. 

The Lavas, .'\shes, and Tulfs of Subaerial or Subaqueous origin, 
become Interbedded wilh the Sedimentary strata then form- 
ing, uil/i which they are therefore Conti tnporaneoHS in (ige. 

Such (vifi prniitici' ultrrntion (nKitnmorphism) only of the beds heneaih them, 
arul mny inject veins into thr.-,e, Intt not into those above, which of course are 
(ormed Inter ; hoth their «ijrhu:cs, too, arc often ntpy am! .scoriaccoiis. 

The Dykes, Veins, and Sheets of Subterranean origin are 
Intrusive hi, and therefore Suhscfjui'nt in ti^c to, the strata 
surrounding them, [Sec diagram on p. IV.j 

Such may cut across the strata, ami injeta veins into them <>» all sides, and 
altfrati«>n td tlu* str.tta may t^ncur wht rvvcr in contact with tht: intrutUnJ lava. 

Intruded itK'ks arc denser than Interbedded, and are rarely 
scoriacetnis. though often glassy, owing to rapid cooling. It 
is by the Inlerheddetl or the Intrusive character, that the 
relative age of an Igneous rock is known. 

It is thus wf learn that tlu. Iha^lts nf the .\ntrim plateau. Gtant's Causeteay, 

^ , ami ef ihr Inner Hebrides. Skye. Mull, , are ol‘ early Tertiary 

(? (>li;4*icene) A>;e, for they overlie Seceanlary n>cks, and have leaf-lxids of 
this a^‘e inierstratihed. and therefore c«'niempiiraneons The dykes which 
break through the uKUr reeks of .\ntriin. are tioubtless of the same age 
{ S«H,' Seetion p. viii as are also the still existinja; volcanic rones of .\uvergne, 
the Eifel, Hungary, iVc. in Western Europe, there was little volcanic action 
during StHU'mlary Teriods, though it w.as extensive; in South Eastern Europe, 
and the Western Stales of .\nu;rica A small group of volcanic vents rose 
in Devonshire in early Triassio time. 

In the Pennian IVritKl a group of small volcanoes rose m the West of 
Scotland, and to this jx^riod prol>ably Ixilong the many intrusive sheerts and 
bosses of dark, heavy dolerite and basalt which lx>th in England and Central 
Scotland pierce the Coal Measures; and probably also the older volcanic 
tuffs of Arlkur's Seat, c*n‘. 

In the CftrboXiiferOllS IVriod. prior to the Coal Measures, there were 
many small volcant.>es opened in the la{(K>ns and shallow seas of the Central 
valley of Scotland— Fite to .\yr. Still earlier in this period, in the same 
region, broad sheets of lava were emitted, and built up into plateaux, Crag> 
meats of which exist in the terraced hills of Arran, Ayr, Stirling, Nitbsdale ana 



37 


Eskdale; Artkur't 8#^/, Balisbuty Orel's, and the Castle all in Hdinbuiigt). 
and many other ca^itle-crownetl crags* Inking other relics. In Northern England 
the Tuffs and f^vas of the C'heviot region, the great Whin Sill and other 
Dykes, the Derbyshire “Toadsione/' cW., are all of this age or the pre- 
ceding one. 

In the Devonian Eerio<l a series of graml Volcancx^s luv along the line 
of the Grampians, the many granite masses of this range Ik ing prol>:d>ly old 
'* I^va LaWis ; " as the Sidlaw. Ochil and IVntland Hills ami the lori^ml 
hills oi* Ix)rne, around Olwn [Sec Map of th(‘ Devonian lakes in which 
the ashes accumulated, on p. XI 1 ] are Cf'rtainly the remains of the lava 
sheets and ashes, then erupted in such .iluin<lance, at intervals, from the 
Shetlands to the Chevi«>ts, and reaching 6 .<kk)i f«vt in thickness. 

In Devon and ('ornwall, similar voK:an«H's alM> evisled, and th« 

Cornish granite bo.sses being their basal vvr»‘cks 

In the Dower Siluriffn Period, in the Dd.i lieds. and before that, in 
the Idandeilo lieds, there are pnxifs of volcanic acti»»n having occurnnl on 
a truly grand scale in North Wales, and in the L.ike (bslricl , Sn,'u\hfu Cjder 
Idris, Arem^', Skfdthi:', (V , Inne Ksm earved l«\ demidniion (rom the vast 
piles of ashes ami lavas then ernj'ted. probably m great part Uatealh tin* Sea. 

In the CfiUnbrian I'eriiKl subinarim- volcamu's in Wales disc harged large 
quantities of fine aslies ami lava over the sea bottom 

Noth.— It will I c observed on a map. that the general direction of tin? bands 
of V'olcanic action in Jiritain, in tin.' I’.ila-ozoic iVnods, was front N M to 
S.W., while that of the TiTtiarv V'oleanoi’s was from \ to S , as is that 
of the existing, but dc'caving N^dc.inoesoi theMi<l \(lanti< .seijr-s. Tnif (ietkiv 
says: — *’ No other area of equal siite on the gloln* has pre.servctl a fuller record 
of ancient volcanic eruptions ” 

Prof. Ramsay said at Swansea: — “ Itt nearly all geological 
ages, Volcanoes have played an important part, now in one region, 
now in another, from very early i\'iheo/oie times down to the 
present day ; but as far as my knowledge e.^tends, at no period is 
there any sign of their having played a more important part than 
they do in the epoch in which we live.” 

The Destkiuition oi- li^xisiiNc, Voixanoes. 

The number of great habitual Vedcanic vc:nts still in an active 
condition, is 300 to 350, but if we include niounlains with all the 
features of Volcanoes, though not aotive during the historical 
period, the number is about i .000. Par more exist, which, though 
formed of volcanic materials, have, owing to denudation, lost the 
external ft>rm of Volcanoes {Prof. Juddj. Volcanoes ticcur chiefly 
in lines, and nearly all along three baiuls with their branches. 

1 . — ^Bast Pacific Band, from South Shetlands to liehring Strait 

(8,000 miles), and containing about too active volcanoes. 

In the Andes^of <'hi!i (24 of which 13 active). Aconcaf;ua frrt J: of Peru. 
Ac. (14 — 3) ffualhturi, fiihama ; and of Kijuador and Columbia (iH — 10) 
Chimborazo (ext.) Cotopaxi, ToUma. Antisana, PUhtneba 

In Central America f2(> — 18) A^ua, CcjM'gMinj; In Mexico (b -a) Orizaba, 
Popoeatapetl, Jorullo. In the H<r>cky Mountain group (io--r) mr>f»tiy extinct, 
Taylor, FrtmonVs Peak, Mounts Hood, liainar, brown, Fairu>eathef, 8 i, EUas. 
In the Aleutian Islands ( — 34 active) 

2. — West Pacific Baod, from Behring Strait to South Victoria 

Land (xo,ooo milea), with about 150 active voicanoes. 



In Karnlscli/iiL'i KiinJin'. I'urilv InIcs < ,^j) ALiid : Japan Isles (25), 
Auimu-ynnut, J A.i'f-yjitut : Lckj < lioo i orniosa (3), F^hilippines, 

New (iuin<‘a 1 iji Islantl^, New Zeilaivl t Tf^i^ufU'O, 11 /ti/i’ Isliind^ 
K^imont (ixt.,) hii^tiumU fcKt.J South Vieioria Land wiih Erebus and Terror {ext,) 

These two bands form t»><;cther the “ I'iery Belt of the Pacific,” 
which encloses many Volcanic Islands with 2G active ^volcanoes. 

Sandwich Islands, Hawaii, (4), Mjutnt Loa and Kilauea, Mmna Kea. 
'J'hese V^jlcanocs art; unsurpassed in h<:i^^ht, bulk, and size of crater, since they 
ris<! out of a deep ocean So< lely Islands, Iwaster Island, (ralapagos Islands. 

A great branch pas.sc.s West from the middle of the West 
Pacific Band through the Sunda Isles, and contains 50 or more 
active Volcanoes. 

Sninljawa I;, land, Tt>nif>oh\ <'eleb(;s Island frr); Idorcs Island (6); I^mbok 
Island and iJ.ili Island , Java with activa;. !\if afulAjauf; aiui Krakaioa, both 
n<?arly desirovts,! in iHS i. Sumatra (19-h) ludrufiuj ; Coa.sl of Iturmah, 
liiitren Island. 

A very imperfect band is seen down the West side of the Indian 
Ocean and the Kcd Sea, the Volcanoes being m(»stly extinct. 
Comoro Islands, ih)uil>on Island, Mauritius Island, St. Paul 
Island, Kerguelen Land. 

3. — Atl^intic Band from Jan Meyen Island in the Arctic Ocean, 
and c(»ntaining with its hranche.s about 50 active \h>lcanoes. 
Ictdand (i p Ihdd,}. .s’*. .'//.»>■ T./ov/. Surfed 'f,d.u!. Azores (o). I'u'o ; Canary 
Islands (p leak <-/ Tcften^fe, Verdt- l i.euls, /dav;.' Siaur.d submarine 
near the I’-^uator. Ascension, St Ueleua. ’I ri-aan d .Vcunlui, 'I'rinidad, all 
extinct. 

A branch thiough the Lesser Antilles contains (> now active. 

Another branch includes the Cameroons, Fernando Po, St. 
Thomas, iCC., all in the Gulf of (hhnea. 

An important branch runs through the Mediterranean, and 
includes : — 

In Ivuri'pe (f> ariivtA, on tiie mainland iV<i/rnw'. Xurva lestinctb Iv'vth 

lUMr Napl< >; and on isl.itui.s i: . I' Etna, <hah,tm's Jdaud, 

tiiiutotin l.ditud The branch i-wontimud ICast. cltituly by exttnet volcanoes, 
throu^»h Asia Miu t, Aiarj: (cMinct) , Lersta. Jumaisnd, and the 'J'hian bhan 
Mountains. 

Another brancit, with no active veiUs, runs through North 
Spain, Auvergne, the iafel, Bohemia, Hungary, the Crimea, and 
Caspian area. 

In the two latter Miui Volcanvx*s gSa»sc5) occur, and are still actix'c. 

A Volcano is *• in eruption ' when it ejects more or le<;s explosively, 

00 6 c 186 S — chiefiy Steam, Cairbonic acid. Hydrogen, Nitrogen, 
Hydrochloric acid. Sulphurous acid. Marsh gas. &c. 

(^) Lava or Molten rock ; (c) Sollds due to grinding of the rocky 
sides, the concussion of loose blocks, and the cooling of Lava 
streams or spray. Such form Volcanic dust or ashes, Lapilli, 
Bombs, See. 
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The order of the phenomena of an eruption is usually 

(i) Earthquakes. (2) Irregular ebb and flow of the Sea. 

(3) Discharge of Steam, which condenses into clouds and 

rain. 

(4) Explosion of Dust and Ashes, forming the so-called Smoke. 
(§) t)jection of large blocks of stone and Volcanic l)ombs. 

(6) Glowing of the Lava in the crater, forming apparent flames. 

(7) How of the Lava from the crater, or from rents in the Cone, 

(8) Gradual cession of the lava-flow, and return to rest. 


The Earth*s interior is still very hot, far hotter than molten iron. 

“Probably at a fbiptii of n^t laoro than ,!o milts from ihr surface fho 
tcmjXirature is as high as the melting point of any ordinary i\>ck at the 
surface.”— G<a A’ ic. 

The proofs of such Internal or Central Heat, uow or in the 
past, are ; — 

1. — The rise of temperature in descending mines, borings, &c., 

the average rate of rise being 1 ' F. for every 60 feet, after 
reaching the first line of uniform lemperalnre. unaiTected by 
surface changes, the depth of which varies with climate and 
rock material, and is about 100 feel in llritain ; but it is 
improbable that this rate continues far. 

The water from an artesian vo ll at ('.rcnclic, Paris, rises fn»m fc^t in 
depth at Sj* F., the average surface (emjH ralurfMif (In* air and eartli there 
Ixjing about which hi marly that of the first stratum i>f invariable 

temjxrraiure. One at Pcsth, in Hungary. i.s the d.repcst ycl made (j.i^ofeel 
in i88h), and yields ly'O.t.XKj galUms daily, at F. 

2. — The existence of hot springs at Wiesbaden 156’ F,, 

Bath 120 j and of geysers in Iceland, New Zealand, and 
United States — in the Yellowstone region, Wyoming, 

3. — The nature and high temperature of the products of volcanic 

eruptions, and the existence of intruded and nui.ssive crystal- 
line rocks of presumably similar origin. 

The structure and mrxles of occurrence of the Schistose* rt>ck?t, and the 
contents of many lodes or veins of metallic ores, point to the action of great 
heal, or perhaps of hot water 

4. — The shape of the Earth— an oblate spheroid, such as would 

be taken by a rotating body, if not rigid as the F^arth n<iw is, 
but free to yield to centrifugal force, as it would have been 
when in whole or great part molten. 

It is very prolable that the rate of its rotation was formerly greater than 
now, the day being only 6J hours long about 57 inilhons of years ago ; if so, 
the equatorial bulging was then much greater than at present (13 miles). It 
is probable that the day will at last of tho same length as the year, the 
rotatioo occupying as long as the revolution, as is tho case now with the moon. 
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5. — The density of the Earth, which is about double the average 
density of the surface rocks, these being twice to thrice the 
weight of w'ater. 


Water i 

(Jranitc is 2.05 
Hay alt is 2 .S5 
Gabbro is 2 (^5 


('balk is 2..YJ 1 Tlu: Earth’s density was estimated 
t'oal shale 2 5'> 1 by Maskelyne (plumb line) as 5.0 

Sandst<jne2,t*o I by ('avendish (torsion) as % - 5.3 

Mica slate 2 I by Airy (i>tmduliim) - - . ♦ C.6 


The pressure of ilie rocks al.>ove. o\vin}» to gravitation, must compress the 
interi(ir so as to render the mean ilensit} greater than *■; orb, esj)ecially if, as 
is probable, heavy uru)xiflised metals exist largely there as an inner nucleus. 
It js hence assumed tiiat the exj>arjding force of heat counteracts to some 
extent the attractive force of gravity and so reduces the density to about 5.5. 


The theories, or rather hypotheses, of the origin of this Central 
Ileal and Volcattic heal, and of the Lava lakes which probably 
underlie active volcanoes, and perhaps extend in fissures beneath 
l)ands of volcanoes, are : — 

1. — 'fhe Chemical theory of Daw that the heat necessary to 
melt the rocks is due to the action of water on such metals as 
Hotassium, Sodium, Calcium ; and perhaps on such non- 
metals as Silicon, Hoorn ; which he assumed to exist largely 
in the ICarth’s interior in the uncumbinetl or tiativc stale. 

No‘t E *~ 1 'hnugh enmpounds oi tlicM- arc abundant in tlm Earth y crust, none 
of them arc known in natmc in tin- native .state. 


2. — The Mechanical theory — that the litpiid state of the rocks 

locally is due to friction of moving parts, either of the rocks 
on opposite sides of a fracture ox Janlt : or of tlie particles 
of the crust itself in l>ect)ming foldet! or crumpled owing to 
contraction as it cools. 

It may also diu' to partial reliei *'f th«- en -rttions pre.ssnre dm' to gravita- 
tion t»r \v<’jghl td the dveilving »iias'-e-.. a > well .is to eot;tra( lion in tooling, 
for since r<,<eks e,\p:md in iH-roming Inpnd. pro'aire uiav jae\ent meliitig, and 
relief t»i piessute permit it when ti.e Ivinpeiaiure is suthcientlv high. 

3. — The Original heat theory- that the imerior of the Earth 

below a few miles has remaintti iluid from the first, either — 
(i) throughout belcnv a thin crust, or (2) in a certain /one 
between a solid central mass or nucUu^ and a .solid crust, or 
(3) in certain detached or slightly connected areas— the 
assumed Lava lakes. 

'• The hyjx>thosi^ of the Original Heat uf the (iltdx', falljyig in with tb« 
* Nebular Tht'ory,’ is useful in acc«>un»ing fur its shajH,*, its sjHcdk gravity, its 
existing heat, the universality t^f vuleauic action, the uniform characters of 
volcanic pHnlucts in all parts of the gloU* and at all timers, and for the origin, 
form, and structure of continental areas of land as stable |>ortions of the 
contracting crust of the cooling mass, the cracks and Uiundary -lines allowing 
the outburst of molten matter from the interior '—.Verrts and Jonta. 

The Nebular theory of Laplace referreJi to supposes the Earth to haw once 
been an intestMdy imted rotating mass of gas, or incandescent vapour, a 
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fragment of a far greater cloud or nebuJa, of which the other planets are other 
detached parts, and the sun itself the last remnant. By loss of heat into 
space these have aci^uired their present conditions, for the most part solid or 
semi'Solid, or like the sun, still remain gast?ous. 

Different estimates of the thickness of this assumed crust are : — 

Arago, 22 miles; HumlK>ldl, 24; Lyell, 34; Cordier, 05; Morris. 300; 
Hopkins, K^xk) miles, at least ; and Sir \V. Thomsnn thinks tlu;re must lx* a 
rigid erflst at h^ast 2,tx)o miles thick out of a j>t>ssible 4 ahk) miles to prevent 
the Farth’s crust Ixung affected by the tidal rnotiems of the molten interior, 
as well as by nutation and precession 

The Sedimentary ok Derivative Rocks, known also as 
Clastic and as Strath ied Rocks. 

These ar<^ derived directly or imlirt'Ctly from the crystalline rocks. The 
Felspars and allied minerals in these, slowly acted on by wafer coniaininf< 
carlx»nic acitl, lose their Potash. Soda, or Lime ; and tlie Silicate tU’ Alumina 
left, uniting with water, forms Aaedw, tho basis ot all clays It crmsisls ol 
Silica 4b. Alumina 40, water i.j per eent 'Lhe (inart/, cr)stals and blebs 
set free by this disintegration t>f granilt* and other <}uart/ifeions rocks Uviune 
Sand, at first angular, but beiamdng ri'unded by the at lion of streams, 
currents, <.)r winds It is thus are derivt d most clays and sands. 

Notk. — h'or the Volcanic rocks of this class Asia's, Tutls, Breccia, Ac 
(sec p. 34.) 

These rocks arc best classed as lo their mode of accumulation 
(see p, 30, 48}. 

r. Fkaomentae or Clastic due to mechanical action merely. 
As to material, these are chietly A n fi^acotts (saiidyi 

or A n'illaci'ttus (clayey). 

CliflT-debris — coarse, anj^ular rubbish, loosened by the w'eathcr 
from liare faces of rock. Sims and Talusis are banks of 
such debris at the base of dills. and l\'ri ht'd 

Blocks are f>f similar f)ri’,Mn, but transported by ice. 
Soil and Siihsoil are similarly derived fjom the weathering 
of the surface rocks, assisted Iw j>iaiU.s and anitnals, 

BrSCCift — Cf)mposed of anguhii fiiigments cemented or compressed 
into solid rock. 

B0II6 HrGCCifti f‘Und in si»im* caves, t«»n.sists f»f liones <>( aninialu once 
living tlure. or of their prey, cemented .ii»d i jh rusu fl by .sialagmilic 
carlx>nalc of hme 

GraV6l| Pebbles, Shingle-' loose, rounded, water-worn fragments 
of tlinl, ejuart/ite, jasper, porphyiy, granite, or other hard 
rock. Ordinary gravel has been formed by river.s. 

CoZlgloxn6rfilt6 — ^>f similar rounded materials consolidated into 
solid rock. It is popularly ki.own as Pudding stone. 

Saild“-*ftner fragments, usually of quart/, but Hometimes of lime- 
stone ; well rounded in de.sert sand ; subangular in river and 
sea-sand ; angular in glacier sand. 

Arkasf is a conglomeratic sand consisting of disintegrated granite. 
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Sandstone — consolidated sand, chiefly quartzose, but often also 
micaceous, as in most paving-stones. 

Grit formed of coarse or sharp quartz grains ; it is often used for millstones. 

Flagstone is a lhin*betlded sandstone, much used for paving. 

Freestone is thick-bedded and without tendency to split in any one direction. 

Qreywacke is a very hard, dark, impure sandstone with much^el^ar. 

Grey -wethers, or Sarsen-stones, are scattered blocks of hard sandstone 
(of ICocene Age) resting on chalk, r./?., on Salisbury Plain. 

Greensand contain.s green grains of Glauconite. [See p. 28-45.] 

Ued Sands owe their colour to a coating of Peroxide of Iron [See p. 28.] 

Noth. — The consolidation of loose materials into firm rock 

may be due to — 

(1) Pressure — of overlying water, or of overlying rocks, or of 

disturbances such as folding and faulting of strata. 

(2) Chemical Changes ^ partial solution and re-deposition, &c. 

(3) Heat — either dry heal or moist heat. 

(4) Cementinfr-mattery especially Carbonate of Lime, Silica, 

Peroxide of Iron, Clay. 

Cl&y — very fine-grained rock, essentially of hydrated Silicate of 
Alumina ; white when pure, but oftener ct)l()ured green, brown, 
blue, red, purple, by various compounds of Iron, or black by 
organic matter. It is plastic when wet, but crumbles and 
adheres to the longue when dry, and has a peculiar odour. 

KaoUn, or (.'hina (day, is the pure white variety, so valuable for porcelain. 

Pip6-clay is nearly pure, and free from iron. At Hovey, in Devon, Hamp- 
shire. Ac. 

Fir6-clay is free from alkalies and iron, so will not fuse when strongly 
heated. The underclay beneath coal .seams is usually of this nature, [p. 2 ] 

Brick-clay any sandy clay (loam) from which bricks can be made. The 
Prick Karth of lajndon an<l thcMidland.s is mostly of l^ost-Tertiary Age. 

Fullcr^S Barth non-plastic clay with much iron, lime, and soda. 

Bouldcr-Clay. or Till, is a stiff unstraiihed clay full of angular stones 
t>ftcn ice-scratched , and abundant in the valleys of Scotland, Ac. [See p. 5.] 

LO688 firm clay with much lime and sand, of doubtful origin, but 

unstratihed, and with many bind shells and land plants and animals. 
It resembles the soil of Stepj-Hss, and oexurs in the larger river valleys 
of Central Kurojx, in China, Ac., but not in Britain. 

Mudstone, ur ClaY-rock, is hard and compact, and without tendency to split. 

Mftrhltone (of Middle Lias age) is nearly similar, but wdth calcareous matter. 

Marl is clay or shale with much lime, and easily crumbling if dry. 

N.B,— The New Red Marl (of Keuperage) is a true clay, without lime, tmt 
not plastic, and not efferx’escing with acids, as marl does. 

Shale -—hardened clay, splitting idto thin layers (laminae). 

This fissile structure is foimd in most of the old clays, if unwealhered 
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Slate— of similar material, but altered since deposition by lateral 
pressure. 

A Shale is laminated, splitlin^j alotii; arnl juralld to ilu* planes of Iwcldinj;- 
A Slate is cleaved, splitting in parnllel planes other than thos<’ of bt*tlding, 
A Schist is foliated, splitting into irregular layers of ditterent minerals. 

The two latter are inetamorphic or altered rocks. [See p. 47.] 


2. Rocks of Chemical okigin formed In- precipitation from 
solution in water, owing usually to chemical changes. 

As to material these may be Calcareous, Magnesian, Saline, 
Siliceous, Ferruginous, 

Limestones of f^is class arc Stalactite, Stalagmite. Travertine, 
Calc Tufa, Arc., deposited by calcareous springs and streams 
from solution of Carbonate of I.ime in water ctmtaining free 
carbonic acid, owing to the escape of this gas on exposure 
to air. 

Oolite (roestone) and Pisolite fpeastone) are granular forms, the 
rounded grains being not waterworn, but concretionary ; of 
concentric shells of calcite deposited around some nucleus, 

Fnestone -- the variety most used in building. ' jiage oj'jHisite. j 
CornstonC’—ii sandy form, of coars<t concretionary siructuro. often emlnaKU*d 
in nuirls or shales of 1 ’aht cj.'iuc age 
Cornbrash a crlayey variety, rnbbly or l<rashy (of Lowrr Oolite* age), 

The.se both crunil.»lc? readily mi <'.\pnsnre, and make good sods for corn 
liydraulu' Limestoue ~<i clayey variety which, when burnt, will liarden under 
wattT, and so lias Uien much usetl as .1 cement. 

Doloniit6| Magnesian Limestone- a mixture of the CarhonatcH 
of Lime and Magnesia, up to 43 per cent, of the latter. [Sec 
p. 27, No. 8, and p. 47.; 

It may be compact, crystalline, cavernous, ooiii ic, or eve n coarsidy pj.soJitic 
in structure. It is harder than limo.stone. and only sliglnly tdlcrvcsecft 
with acid It forms huge mountains (oi '^na^sie age) in the La.'itein ,Mj>s. 

Gypsum — a soft rock consisting of hydrated Sulphate of Lime. 

It may lit* cry-stalline, or hl«rouH, or vtined <Sf <‘ p, \o. (j), and orr urn in 
lx;ds or veins, usually v.ith layor.s of red cl.iy and k salt 'J'he be^js \s<'re 
formed in lakes or lagoons \Mth no outlet, save by f \aporaii<jn , the veins l>y 
alteration <if limchU nc by the aclii.m of soluble sulphatt .s, or of sulphurous 
vajxmrs. The .same occurs wiilu.ut combined w.ater f AnhydntcJ . 

Rock S&lt — occurs in thick cakes of small area. jSec p. 21.] 

In Chesh^e it is 100 feet thick ; in (ialicia <p6o<j feet , near Iferlin *,till more. 

It is now forming in many salt lakes lying in regions of inlantl drainage. 

IrOBStOUe — The various ores of Iron see p, 28^ have mostly 
been precipitated from solution in lakes, marshes, or in 
fissures and cavities of rocks. 

The nodules of Sidcrite, often jieptarian. have been deposited round 1 
organic centre, and are usually emU^ded in clay, interstratified with coal 
and shales, and are known as Clay Ironstone, or Black-band. 
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06yS6tit6 or Siliceous Sinter — deposited from the hot water of 
geysers and other hot springs, forms basins, terraces, and 
mounds in New Zealand, VV^yoming, and Iceland. 

Vein Quartz may be of similar origin, deposited in fissures from 
hot water. It often forms broad dyke-like reefs, in which 
Gold and other metals frequently occur. ; p. 20.] ^ 

Flint occurs as nodules of silica, probably deposited from solution 
around some organism, t’.g., a sponge, an Echinus, a shell-fish. 

Chert is an impure variety of various colours, occurring in other strata 
than chalk, csj»ccially in Sands and Sandy clays, and in many Limestones. 


3. Rocks of Organic okkiin— formed of the remains of animals 
or of plants, and usually accumulated where these lived. 

They are either built up directly by these or formed of their 
fragments. 

As to material, they are C tile area us, SiliLCoiis, PiiospJiatic, Car- 
IjoHtu ioHS or I'errH^inoiis, 

Limestones Calcareous rocks, and, as a rule, are of animal 
origin, though usually this is not evident owing to an internal 
crystalline re-arrangement. The source may be — 

(i) Molliisetiu and Crustacean S/udls, as in the shell marl and 
freshwater limestones of lakes (p. 2). 

(2 ) Polyzoaus; {3 1 C>/«o/W.v or Knerinites, fixed Echinoderms, 

(4) Corals, especially rcef-huilding kinds. 

(5) Poraminiferal shells, especially (? Kozoon p. 14), Fusuliua, 
Orbullua, Glohigerina, Xunimuliies (p. 6), Milioiites. 

other Limestones are formed largely of certain low plants (Alga.*)* which 
encrust themselves wiili C'arhonate of l.ime, ex , Chara, Corulliti.i, Mdobesia. 
1'he sup|>osed joints of the latter. km>\\n as “ coccoiiths," and its spore- 
cases known as ” cocctjspheres,” form an appreciable part of chalk as well 
as of the .Atlantic ooec . the larger part of these deiK»sits being tine amorphous 
piirticles of Lime, with licre and there Globxerina and allied shells, broken 
or entire. 

Chalk- a white, earthy variety, very free from sand, pebbles, &c., 
but containing nodules of Iron-pyrites and of Flint, shells 
and spines of Echinoderms, spicules of sponges, and shells of 
Foraniinifcra, the latter forming about half the bulk. 

Shell Sand-a shore deposit of much broken shells, often cemented 
together, Ked Crag. 

SiliOrilxitCtl Marble^a cltMr sea deposit of the broken stffms and arms 
of Crinoids, usually crystalline, and mingled with other calcareous 
fragments. It is often used for mantelpieces. 

Sholl Morbid (of the Wealden and I'urbeck beds) is a freshwater deposit 
of shells of PiilitdiHit with Limnoeit, Sec. [See p. 2 ] 

CorAl-rOOk— "farmed of the stony skeletons of certain polyps living in 
warm and shallow water, , Wenlobk L. Coralline Oolite, Carlwni* 
ferous L. (in great part). Devonian L. of Plymouth, Torquay, &c. 
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The chief Siliceous Bocks of org^anic orif^in are:— 

Diatom-earth (Infusorial earth) formed of the cases of very 
minute plants (Alg®), common in both salt and fresh water. 

A <^t^>ooze is now farming over wide areas in cold seas, and it olten 
occurs under peat bogs. Thick deposits are worked at Kichmond, 
Virginia; and at I 3 ilin, Bohemia. Ac. as •' Trijioli-jiowder," “ Mouiuuin- 
meal,” " Dynamite-earth," or Kiesd-^uhr. 

Radiolarian-ooze, formed in deep seas of the minute shells of animals 
allied to the Foraminifera, Barbadoes earth, 

Glauconite-ooze consists of casts in green Glauconite (sec* p, 28) of the 
chambers of Foraminiferal shells. It ft»rms layers in the Greensand torma- 
tions, and may be dredged in the racifur, off .Australia, 

Flints consist largely of organic particles— diatoms, spicules c»f Sponges, Ac. 

Phosphatic deposits (Phosphate of Lime) are harmed chiefly 
from the bones and droppings of vertebrate animals — fishes, 
reptiles, birds, cetacean mammals, and hut rarely of shells. 

The chief are Bone Beds, eg., tho.se of the Ludlow, ('oal Measures, and 
Khadic Beds : Guano found on rocky islands and coasts in very dry regi(uiR; 
CoproliUs (.see p. 22) occurring chietly as nodules, and now largely worked for 
manuring land, after artificial change into SujKfrphospliate of Lime. 

CarbouaC 60 U 8 deposits ^tre of vast importance to man for fuel, 
light, and motive power [sec pages 18-20, 28]. 

They may be solid as Coal, viseu! as Mineral pitch and Asphalt, liquid ns 
l^etroleurn and Naphtha, or may evolve inflammable gases, fire-damp, Ac 
They consist chiefly -of ('arUm and Hydrogen, derived in most cases from 
plants, chiefly non-flowering kinds [Ctyptogams) mo‘<sfrs, ( liib mos.ses, ferns. 
The mineralisiition has been a very slow proee.ss, water (H^O), marsh 
gas (CH.), and carUmic acid gas (('O^,) being ev<iived, and in stune cases 
bitumen being formed by a pr(»cess of <li.stillation. 

Coal i.s w'ithout doubt of vegetable origin, as proved thus : — 

(1) It consists of the same elements as chiefly compose plants, 

and its ash is much like that of burnt wood. 

(2) It often shows the cellular structure found in all plants. 

This is esjjecially well seen in the thin silky flakes, " rmnher of coal." 

(3) The undoubted roots, stems, leaves and fruits of plants, or 

impressions of these, are found in the Coal, or in the 
sh^es, sandstones, associated with the coal seams. 

(4) Beneath each bed of Coal is usually seen the Underclay, 

with many roots in position as they grew. 

Some coals are made up chiefly of the stems, roots, and foliage; others 
almost entirely of the spore-cases iid spores of large tree-like plants allied to 
our existing Club-mosses {Lycopoaium), Horse-taiis {liqutsetumj and Ferns; 
partly also of Pines and Cycads (in Secondary strata.) Some Lignites largely 
consist of the remains of flowering plants {Phannogams.) 
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The foIlowinK shows the diflerences between the chief rocks allied to coal, 
the numbers referring to the per-centage amounts of Car^ in each, which 
increases as the mineralisation is more complete, owing to the gradual loss 


of other elements. 

Peat (6o)-fonned chiefly of Bog-moss (Sphagnum). 

Lignite (66), Brown Coal —mostly of Tertiary age, epecialljiMiocene 
Cannel (66), Jet is a pure variety— probably of drifted planfi. 
Common Coal (75-80) including Caking Coal, and Cherry Coal. 
Steam Coal (80), Splint or Hard Coal— used for Steam Engines. 
Anthracite (90-95), Coal— is hard, brittle and lustrous. 

It ignites with difficulty, but gives great heat and little smoke. 


In South Wales the last three kinds are found successively in travelling 
from Kast to West, the mineralisation being most complete in Pembrokeshire. 


Graphite (98-100), Black-lead, is probably of Organic origin. 
Petroleum or Rock oil, and similar Bituminous deposits. 

This is rare in Britain (Derbyshire, Torbane Hill, &c.), but abundant in 
Hungary, (lalicia, Trimea, the Caspian region, Burmah, and still more so 
in J Vnrisylvania and Canada, occurring there in porous sandstone of 
Silurian and Devonian age, while in Europe- Asia the chief deposits are of 
Eocene anfl Miocene age. 


The chief Ferruginous deposit of org^anic origfin is Bog: Iron 
ore, or Luke ore, still in the Swedish Jakes, 

A small con fcrvoii] .1/ga {(Jjllr-'neh'.i nml curtain Diatoms appear 

to aid Inrffutv in the precipitation of tbr /rt>n oxide, which in its turn is 
(liasolvtu! front rochs {>y ihf? organic acids set fret; by decomposing plants 
in rnarsiics. 


** The existence nf beds of Iron ore affords strongs presumption 
of the existence of contemporaneous organic life, by which the 
iron was dissolved and precipitated.” — Geikir. 


Thk Met amorphic ok Altmkki:) Kocks. 

A Metamorphosed rock isone, whetherat firslcrvstallineorclastic, 
which has sutVered a niineralogical re-arrangement whereby a new 
structure has been produced. The alteration may be either — 

{a) A mere re-arrangement of its particles — Clay slate 
{b) A crystallization of its conslitulents — Marble ; Schists 
(c) The addition of new substances from solution in winter 
percolating throug;h the rock, and thence the production 
of new crystalline minerals — many Dolomites 

The changes produced dei>end, both in nature and extent, on — 

(i ) The nature of the original rock material. 

(2) Heat — which may be great enough to produce fusion. 

(3) Pressure — due to the weight of overlying strata or of water, 

or to slow movements of the Earth's crust, producing a 
shearing aefiott^ and resulting in a cleaved or a schistose 
structure. 

(4) Water and mineral solution^ especially if acid or alkaline. 
Just as the crystalline structure of rocks is undone as the surface is 

approached, so it is produced as a rock is carried down to |;reat d<^hs, 
or IS exposed to intense pressure, or to the beat of igneous empuons or injec> 
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tiofis. if at some depth. Thns in the Tonner case flecks of Kaolin appear in 
the Felspars, in the fatter case flecks of Mica, Talc, Felspar, Ac., may appear 
in clays until a schist, gneiss, or even possibly granite is produced. 

The chief rocks of this class are Foliated or Schistose. 

A Schis^consists of alternating layers or folia of certain minerals 
intciysials, and splitting along these layers. 

The folia are often wavy or puckered, and usually welded together. They 
are not continuous, flat, parallel layers, but thin out, die away, then reappear. 
Now and then the foliat^ structure gradually disappears, and in Quartaite is 
rarely apparent. 

Almost any rock may, by great crushing and shearing movements, bo con- 
verted into a Schist, e.g., Granite into Gneiss; Sandstone into Quartzite; 
Clays into Mica-schist. 

Volcanic ashes and tuffs, and some Lavas, are sometimes foliated. 
TalC'SChist consists of scaly Talc, with or without Quartz, ^I'C. 

Chlorite- schist of green Chlorite and Quart/, and often 
Felspar, &c. It is abundant in Scotland, the Alps, &c. 

Hornblende-schist chiefly of dark green or black Hornblende. 

Actinolite-schist consists chiefly of a bright green variety of Hornblende, 
Hornblende rock is a massive form, not schistose, and abundant locally. 

Hicft’SChist of Quart/ and Mica, varying much in texture. 

The Mica is usually Mu.scovite, or, in the lustrous schists, a Hydrous Mica 
(p. 27). Garnets are often present, and even abtjndnnt, 

This rock often covers great areas owing to “ regional meta- 
morphism,” and also forms bands around granite masses owing to 
** contact metamorphism.” 

Gneiss consists of Felspar, Quart/ and Mica, in irregular folia. 
The Felspar is in crystalline grains, cliictly Orthoclase, often al.so Oligo- 
clase. Hornblende and Talc and even (iraphitc may also occur, 
replacing the Mica 

Protogine, Granulite.and Halleflinta arc usually foliated (p. 31.) 

The abc»ve foliated r<K:ks are probably in most cases highly altero<l strati/iwl 
rocks, but their original nature, and in nu»si casi.s tlnrir gc.'fdogical age, < an 
but rarely Ixi certainly ascertained. The Schists of the Scottish Highland.s. 
long thought to be of Lower Silurian age, are now known to be of Fre ('am- 
brian age, possibly Laurentian. 

Granite is probably metamorphic in such cases as when unaltered 
rocks are seen to pass gradually into Mica Schist, this into 
Gneiss, and this, by absence of foliation, into Granite. 

Quartzite is a very hard, compact rock — an altered Sandstone. 

It is rarely scliistose. but often shows false-bedding, and even contain.s fossils. 

Crystalline or Saccharoid Limestone, Statuary Marble, is a 
pure limestone, Chalk, altered by heat under pressure. 

Dolomite i8» in some cases, a Limestone altered by the partial 
substitution of Magnesiuf^ for Calcium (see p. 27-8). 

Serpentine rock. Green Marble, &c., is sometimes an altered 
Dolomite, but oftener altered Olivine, Augite, &c. (p. 27). 
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Graphite W possibly altered Anthracite, as this is certainly 
Coal altered by pressure, heat, and loss of gases. 

Clay Slate is clay altered by pressure, so as to cleave veiy^ readily. 

It consists of granular Kaolin, and often contains fossils distorted by pres- 
»u re and the shearing action which have produced the very per^ct cleavage. 
Th is cleavage is fpiile indt;|H;ndent of the original layers of stratitic^ion, and 
usually crosses these at a high angli*, hut may coincide with them here and there. 

In some cas<;s ('hiaslolite, Mica. an<l other minerals apptfar in the slate, 
which may pass into a Schist, etipecially where the Clay Slate abuts on 
lgiu*<ms ntcks. 


Table to show the relations of the chief Aqukous Rocks, 
Unai.tkhep. I Siliceous. Calcareous. 


Mechanically- ^Jravels, l’<‘hhles. 
formed rocks. Santis, Sand-rock, | 
Sandstones, (irits, ' 
< 'onglomeraies ami 
Hreccias (mo.sl). 

('htrmically-formed Sinter ((ievsiTiie) 
rocks, , I 'lint (aniorpht»us). 

C'hert (granular) 

Organically formed 'rripoH-earth. 
nxrks, i 1 oo/.<'. 

i Kadiolarian (H*ze. 


Mud. Silt, 

I-. . Limestone. 

edav, Marl, 


Shale. 

Shell sand, 

SUiie-cla> . 

Coral sand. 

Kaolin, 

Travertine. 

Septaria, 

C’alcarcous 

lilack hand. 

Concretions. 

•• Ued Clays" 

Oolitic L. 

of <l(‘ep seas 

I'istilitic L. 

(p<jssthly). 

Coral reef L. 


Chalk, Ooze. 


Note.'" t\)al, ( ‘oprolile, Hog Iron-ore, v\c , are also organically ilerived rocks. 


METAMOKrmC. 

Siliceous. 

A^^mlUiCous. 

1 Calcareous. 

Slightly altered. 

<^>uartzite or 
(Juartz rock. 

Lydian stone, 
Jasper (some). 

Compact L. 
Dolomites. 

Slaty rocks. 


t‘l:iv Slate, 

Mica Slate, Ac. 


Schistose rocks. 

Quartz Schist. 

Mica Schist, 
Talc 

Chlorite ,, 
Hurnhlde.. 

(?alc Schiefer. 

Gneissosc rocks. 

Granuliie, ) 

Greissen. 

Graphic Granite. 

Gneiss. 

Garnet rock. 
Schorl rock. 

CrystalHoe L. 

or Marble. 
Serpentine L. 



INTERNAL CAUSES OP CHANGE. 

caum of change are probably due to the eartli*l hfttereal 
liiil. (Par Inoti and theodea as to this aee pp, 59. 40 3 This once meat 
have heeii Isr greater than it now la» and it far more easily reached the 
ymrihee when the crust was thifi« and so was lost by radiation into 

Be^idee MetaTnorphism.or mineral and chemical alterations in rockii 
four other kinds of phenomena under this head— 
1.— Volcanic action -described on pp. 36—39. 
a*«*«Baithquakes or sudden vibratory movements. 

3*— Slow movements of elevation or of depression. 

4.— The folding, crumpling, and faulting of strata. 

(This probably accompanies slow elevation and doptession ) 

a. — Earthquakes are earth waves, due to a sudden shock, either 
(is) The cracking of rocks under strain, with production of 
faults, the throw of which may be very slight ; 

(h) The collapse of the roofs of underground caverns ; 

(r) The sudden generation of steam or other volcanic vapours 
owing to water getting access to heated rock. 

(rf) The sudden condensation of steam under pressure, owing 
to access of water thniugh fissures. 

The small tremors constantly rt*t<)nle(l by suitable mstrumciits {set 5 m^^gn^fhs) 
la^bedue to changes of surtace temj«jrat«re or prt'Hsvire, to tiUei, 

The wave travels with great veUiciu in all directions from the pomt of 
origin or /o(us The depth of thin rarefy exceeds 50 iniles tneasuroa on the 
ViTtiMi, where the sh(*ck uplifting, not overturning The angU pf 
mirgenei of the wave decreases as rettvle fr<?m thi.s line , and so does the 
force of the impulse, though the ovcriiirniiig effect increases A lino joining 
m^Uon the surface where the angle of emergence is the same is a 
Imff the points being 01 snsnitc prtmts Knowing the angle at w'hich the vibra- 
tkmreacues the surface at nn> two or more distant points, the place and 
depth of origin can be calctilaied 

The permanent changes wrought by earthquakes are but smaU, 
though the havoc may he great, especially on low landi 
bordering on the sea, owing to the great w'avcs of water which 
roll in. These often flow far inland bearing even large ships, 
atid may inundate and destroy coast towns 
Earthquakes may cause landslips, or may open fissures in the 
gmund which may defiect streams, so altering the drainage, 
Sie fissures being sometimes enlarged by the streams into 
ravines; but this origin of river gorges is rare, 

Fermanent changes of level often accompany earthquakes ; either 
eUvatwH, as in Chili in 1822, when 100.000 square miles 
were lifted from two to seven feet; and in 1835, when a 
greater area was afiected ; or depn^siofu as in Cutch in 1819, 
when 2,000 square miles of dry land became a salt lagoon— ^ 
the Runn of Cutch. 

IfHUoir Xovesiettta of Eleratioa are in progress in moat 
regiofia of active vokanoes( a.*3(l along the Arctic shoitf of 
Asia and America^ extending to Sweden and North 
fmA West Britain. 





4 --The Folding and Faulting of Strata— Most rocks of 
Aqueous origin have been deposited in approximately hori- 
zontal layers or si rata ^hut subsequent movements of elevation 
or of subsidence, sudden or gradual, have usually and often 
greatly altered this arrangement, the strata inclining in differ- 
ent directions or to different amounts in diiVerent places. The 
onl^ explan^ition of this is that iht' rorks have been folded 
fhto a series of trouf^hs and arches, ^>r thrown into domes or 
basins. Superadded U) this there often occurs finer folding 
or contortion, and even inversii)n, accompanied usually by 
fracturing and cruslii ng of the strata. 

The crust of the earth has been folded and crumpled on the 
most colossal scale, some parts having been pushed for miles 
away from their original position ; it has been vent by pro- 
found fissures, on each side of which the rocks have been 
displaced for many thousand feet ; and it has been so broken, 
crushed, and sheared, that its component rocks have in some 
places assumed a structure cntirel}’ different from what they 
ori gin ally possessed . ’ * — Gcih ie . 

Dip of a bed is its inclination to the horizon, and is measured 
as to its direction by the comfass. as to its angle with the 
horizon liy the clinomcicr. expressed in degrees. 

Thf^ lx;d may l>f said to ri<.c in the opp(.‘fdl<; tu its dij>. 

Outcrop of a bed, or of a formation, is the line or band on the 
ground where it is exposed at the surface. 

M(ist of the Colours on a u»np refer to the outcrop of particular 

formations or systems^ ns explained in the iIKle^ of colour^, 

Strike, iu ,. Stretch, of a bed is the general direction of its out- 
crop, with wdiich it corresponds w hen the ground is horizontal 
or w'hen the strata are vertical. At any given spot it is a 
horizontal line at ri^j^ht angles t(f the dircetion of dip, 

Titus, h IhxIs flip S- or N , their strike is ii, and W. Knowing; the angle 
of dip and bre.tfUlt of <»titc.rop <»f a U-.d oi scries <,>f U-ds, measured horizoUtany 
and across the strike, its true thickness may Ik: easily calculatftd. 

Where the folding baa been on a large scale, the follow'ing terms 
are used : — [See sketches on p* I. and VI. to IX. J 
Anticlinal, or Saddleback, when the strata dip in opporiite 
directions from a line or axis ; t\g, the Weald, the Pennine 
and Mendip Hilhs, the Isle of Wight (/southern half). 
Synclinal when strata dip towards a line or axis ; Snowdon. 

PericHnal, quaquaversal or domed, strata dip aw'ay in all direc- 
tions feom a central point : many 1 pliers. 

Centroclinal strata or Basin w'hen the beds dip in all directions 
towards a central point, e.g., the London and Hampshire 
basins, and most coal-fields. 

Artesian wdla are only ixjjjjwble in or over such a em ve*, and where florotts 
strata, as chalk, sand, &c.. at die margin of the basin, areoverlaid and 

uitderlaid by clay or other non -porous strata. 
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MoR^btUnal when the strata of a district dip in one main direc- 
tion but at different angles ; and especially where there is 
■ . 'm. abrupt change of dip, then a return to the previous dip, ^ 
as in the Isle of Wight (northern half.) 

ImHnal strata are such as have been so (oldcc! and inverted that the 
redtrpheated memln^rs appeitr to dip regularly in one direction, as in the 
Alps and jura, and most great mountain ranges. ^ 

Inverted strata are such as have been so folded that *older 
strata overlie newer ones ; as in the Jura {p. I.) 

Where the vseale of the folding is small, the term Contorted is 
used for highly crumpled strata, each bend being a flexure. 
This is usually accompanied by structural or mineral alter- 
ations, i.f*., metamorphism (p. 46), 

Fanlts or dislocations (hitches, heaves and troubles of miners) 
arc cracks or fravinres of $t rata ^ mcowpairied by displace- 
iiteni, the l)ro!:en ends of the strata on the “upthrow side*' 
being raised above, or those on the “downthrow side’* 
depressed below the previous level, (See sketches on p. IL 
for Simple, Trough, Dike and Step Faults.) 

The fault incliueH {haths or ihf s) to the downthrow side, but in rare cases to 
the upthrow side. ‘producing a RuvcrstKl I'ault Vertical I’aults with no hade 
altto occur. The of a fault is the general direction it takes on the sur- 
face. The //ij'Oft,' of a fault is the extent of displacement measured vertically, 
1 'ho smooth or gic)ovt.xl walls of n hViult are calletl slicktnsulca. A great fault 
croJts^fi Scothuul from near Stonehaven 10 Loch J-onwmd, with a throw oi' 
several tlunisjind feet, sejiaruting the ancient crystallinu rocks of the Highlands 
from the Old ked Sandstone rocKs of the 1 -owlands, and throwing the latter 
strata on end for a Invadth of two miles Another crosses from near Dunbar 
to Ayr, witli a throw in places of 13,000 feet. 

ElTccts of faults. - (I .) Dip /iuilts, which of course run across 
the strike and out -crops of strata, produce a lalenit shift, 
as well seen on geological mapvS. 

'rik'v faults arc less trasy to detect, but alter the width of 
oul'Crop of a. bed, and may quite carry it out of sight. 

(3.) Waterfalls may result, cither immediately or later, 

(4.), A line of Springs, often with hot or mineral waters, is a very 
common resuit of a fault, since this ofiers an easy passage 
to the surface for underground waters. 

(5,) A surface ridge is produced, but save in very rare cases 

the Pennine Fault in the Eden Valley. West of Cross Fell), 
it is soon destroyed by denudation, in which case the amount 
of throw gives a measure of the minirrium denudation. 

In the Grand ('amm District of Utah, where atmottpheric denmlatirn is 
sunalh every fault prcKlucos a cliff or stwp slope, easily hWever distiU; 
gnkhable from clitfs of erosion. ' 

{6t) In mining works faults often entail enormous labour and cost 
V in searching for the continuation of a stratum or a lode cut 
oif by a fault. 

(y.) Faults often become convertcdHnto Lodes or Mineral Veif^ 
by deposition on thetr sides of ores and spars. 




EXTERNAL CAUSES OF CHANGE, 

Such atfe due to the action of the sun, whose heat raises water as va|)our to 
Ml as rain or snow, and also sets up air currents (winds) and ocean < ‘ 

jDenudation is the term applied to the process by which the 
sujjnce of the ^^round is l)rokeh up, and its ruins carried 
jftvay so as to la}^ bare (L, tienndo ) new surfaces. The 
effects on the earth’s surface of the various Agents of 
Denudation are in part dcstruciivcy in part transpofHifet 
and in part actually These a);ents are especially 

I. Wind : 2. Frost and Ice : 3. Plants and Anintals: 
4. Rain : 5. Running Water : 6. The Sea. The action 
of the latter is said to be marine, that of the others suh* 
aerial, that of the wind especially Malian, 


Table to show the R 

DIRECT ANL 

Destructive Effects. 

Atmo.kvhkkk; agencies which 
produce “ weathering '* of n cks 

1. Motian of the air (winds), and 
of blown Hiind. 

a, Chemical action of gases of air. 

3. Changes of temperature when 

rapid and considerable 
(as heat expands and cold contracts). 

4. Expiuision i)f water in frtrezing in 

the |x>res and cracks ul rocks. 

5. Action of rain “■ 

michanuali}' in loosening rocks, 
chcmic^liv in dissolving them. 

ESULTS OP Denudation. 

INDIRECT, 

Constructive and Scenic Eitecls. 

The, formation -of Soils tS: Snij-soils; 

— of I<nin»u,i.sh. Brick*eaith, Loess; 

• -of Ir'crce.s and T’alinic.s l,t,k>w cliffs; 

— of Santl-tiuneson< o.xMsand inland; 
--■ot Ks( arpincnfs and cliffs (tn part), 

- of Lartli pill.'tr.^, as in the ’Pyted ; 

- c*f Alpine pe.iks and nevdledikn 

pinnai k h , .invl of our 

I'higloth “ tors 

-»■ of f.andsljps, ais in the l -ndercHfl, 
i;-ilt:t.»f \V'i';ht ; A Kmout h, {in 
the l<<»ssberg, in-ar Lui erne (tikif}} 

B. Oroamc agencies. 

X. Boring by molluscs under water, 
a. Boring by earthworms m the soil. 

3. Burrowing by moles, rabbits, ^c. 

4. Building of dams by beavers, 

5. iLooseutiig of rocks by rtwts of 

plants. * 

<i. Chemical atnion of Carbonic acid 
given oft by the decay of plants, 

Jr. Increase of rainfall ow ing to trees. 

Human agency, for man is the 
great disiurt^r of nature/' « 

T'he format iot: of protective turf; 
i —of Peat, Idgnite, ami Coal ; 

— oft oral-reefs, Foraminifcral oore, 
Chalk, and other Limestones; 

-of Siliceous de-jx^sits in the »ea, 
eg. Inatpm wze, Sponges, and 
nodules of EdiiU ami Chert ; 

— uf Guamc Coprolites (dioppingst, 
/xines, teeth, A-c ), and Bogdrop- 
’ ore ; ■ 

iTon rtion of ho.^a; materials by the 
inleri wining roots ztnd stems of 
plants. 




0, Action of KuKMNCi Watfu 

RiWii and torrents (including 

wndergrounti waters) act 

1. Chemu-ally dissolving ojrk 

salt, gypsum. and (owing 

to the carbiuit acitt always 
present in such water; also 
limestones, thus rendering the 
water “ har<l/' 

Such (‘arb<:»ualed waOtr also 
decomposes tlu; felspars t)f the 
cryst.’diiixe. rocUs page 
The Thanu scarries past Lon- 
, don about a ton per inifuilc of 
mineral mattm In sohition. 

Z. In deeiH'Tiing tlk-ir 

chatmels and removing the de- 
tritus <liie to \vt‘fithi;ring, thus 
widening as well ns di'epfadng 
valleys, and lowering th<- general 
level of a ( taint f) . 

N<>rn It oal(aiUu<!i thru the iivcoij,:'- 
Imvt'iiiiv' hy demelrttiou to 

wt»Oll( a font in Ij. 'nn ycais. 

The Rhone carries to s«:a yearly 
alunU .\o million tons ot setli- 
merit, the l)ariul>t' about (uS 
mdliens ; the Missisnipi ^ 
mdlions of tons, of width so 
millions nv<' < oarse rnatUu s 
pushe.l along the botti>m. the 
rest finer niaitiTs in susjn nsion 


p., <'j t-A<:iA 1 , a< 4 iMudeS, 

t A\alanchew ()f snow whitdi may 
sweep tlown roch.s. trees, Siv.. 
MtKb up valleys, and can;.eiem 
jXtrar.' lakes and 4h'structtve 
fltjotls. 

2 . <'dacu.*rs or Ice streams burned 
of ilu* granular snow («».Ve) 
found in niouniatn valleys alxnt* 
the snowdine. lly pre^^sure. and 
by melting bv day. an/1 re- 
free/ing by night, a stratihed 
>lrticture is prcKluc<\b The 
iiunion of a glaeier is like that 
of a river, only slower (about n 
foot i>er ilay in the .\lp!5K and is 
dutj to ihe veneated fracture of 
the ice by t>Wt rules, and its 
free/inif again (regel it ton) on 
renewed ccmtact. 


The formaiiou of certain Lakes, t ,g., 
the Cheshire Meres, thefshannon 
I.akt s. ^^tc 

and of certain gorges (in Dart), r.g., 
Ei tihor of the Jordan p « 

—and most limestone cavern*:. 

The dejK)siti(»n of Stalactite on roofs, 

— an 1 Stalagmite on floorr. of cav- 
erns. and Travertine (or (';d* 
c.(r/;oiis 'rufal on the lianks of 
spriug-v an<I .^l^eams. 

ami of Kaolin from felspars, kc. 


'flic formal ion of Alluvial /lfp»o.siLs, 
gra\f-‘i, Ac., on level tracts (the 
jlti.'ii f'Liftt u( a river), and the 
hubs4 .ni/'Ui prod m t ion of Kiver- 
u rr/iK--. of grave.l, A:/;., owing to 
/hvi'cimig of the tbanncl, 

-«jf at the mouths of rivers, 

unless vvlien pn.wetued by 
(i) Stn>ng li/les //r currents 
(jj gn at \'('.lo( ily of stns'iiii 
vt) f'assage thr/jugli a lake in the 
Ivwwr part td its ctuirse 
of Potdioic.^ and Swallow hoh s in 
tlu' bet I tuf a stream 
• of \\‘ai<*i jall.s when? n sfn-irn 
/'ros-o*s the omcn>p <,<f a hanU'r 
stratum to that «>( a soft/w. 

■ \il i 'anons, (btrgi S, arul Ravines. 

The torm.irion by ( darters of puli 
shed ,md striatiid rock surfaces ; 
of Moraines, lateral, median, ter- 
mmal, and )Hai»>n}. or ground 
(wt''raof<’ f i *>f omit') ; 

<d /u* #’/< '! moutonoi'e^ or roiinfled 
bosses of ro<'ks . 
of y'rag-and-tail structure. 

TVie <h position i*t IVrched Rlocks 
or Erralic.s icarrieil by ice* 
sheet.s or f>y floating ice) ; 

«a( Roulder Clay or T\H, and oth^^ 
hirtns <,»f glacial drift, often 
transported fiom*great distances 
f from the I'anton of Valais 
to Lyons, and the Jura, by the 
old iihone ghacier. 

The deepening of many rivet 
^ A'idlc} s anti lakti-fiedsc. 
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3. Ice>sheet» which fill the valleysand 

cover the hills, but like glaciers 
move down to the sea. 

Su^ continuous ice sheets 
cctMSt Greenland and the Amur- 
tic Continent, and once covered 
Northern Europe, including 
the British I.sles. eixcept Sontli 
of I-ondon (see page 4) 

4, Icebergs, including all ft>rms of 

floating ice. 

(i) Ground ice. which often lifts up 
stones as it rises to the surface 
j (2) River ice, an<i coast ice such as 
the ice-foot, floe-icc. rin<l pack- 
ice of polar regions 

(3) IJcrgs or hills of ice often of 
huge size. These are fragments 
of the vast polar glaciers pushed 
out to sen, and broken oti bv 
tideis and storms. 

These all transport rock- 
debris, and the l>ergs pUnigh 
up the bctl of shan(.<\v seas. 

$1, Maiunk Action. 

d'he waters of the stsa and 
large lakes destroy the lan/l. 

fa) By chemical action (though 
but slightly). 

(//) By tin* force of its wnvvs. 

(c) By the force of air coitj pressed 
by the waves in clefts, caves, 
and blow-holes. 

(d) By the battery of gravel, and 
larger fragments of rfK;k carrit«l 
by the waves against the cliffs. 

The S E. c<)ast of Vtukshire 
- of cliffs of bouhler clay re- 
treats about z yards in a year 
^I'he average r.^te of (h^structnai 
of the land by tlie sc.i is about 
ten feet in a century, or far io>. 
than by sub aerial th^stnn tiou. 


The formation of many, per- 
haps most of the lakes and 
sea-lochs, fjords and firths, in 
latitudes lH.*yond 40^’ N. or S, 
which usually lie in moraine- 
dammed valU'vs, or in deep 
rockl>asins, with glaciau^ 
shores. 

The formation of Kames 
(esk.irs or OS.U-) which are ridges 
of gravel and sand, often tuile^i 
long and crossing hills and vab 
It’vs. pc^rhaps <!ue to the melting 
of the tslges of an ice-shect. 

I’robably the formation of 
submarine banks at spt»ts where 
warm ciirr(‘nls meet icelierg- 
lK,*aring ones, and rapidly melt 
the ice. so that the debris 
is <Ir«>p{H.sl ; r ^ . the <.»reat Bank 
oft Ncwfomullaml. and possibly 
some of the Boulder Glay-S of 
Ibitain ; z./t' , those covering the 
eastern counties. 


Tiie formation of cliffs, .stacks, cafHjSv 
sea-caves, bays, Ac. ; 
t»r saiul. pebbles, .shitiglc, Ac. ; 

'I'he pr«altj<:!i()n ol a submarine 
pl.'iin (/‘/j;/i of mafitif erosion) at 
ov a}»o\c the level where the 
de.structitfU ceases (about 3f,K> 
feet <hawn). 

dhe deposition of marine strata 
ns mt*chantcal sediment (ttne 
pag<,s 41. 42. 4 h). 

Such def>o.sits rarely extend 
to more than 200 miles from the 
.shore ; beyftnd this organic de- 
posits only occur, t^>gether with 
a little water-logged purniw;, 
ashts. and meteoric dust. 


Summary, Sub-aerial denudation cuts rri/tVa/e, --softer rocky Iwng worn 
dowm into plains ahd vrdieys, harder rocks left st.anding in hills and 
ridges. Marine denudation cut:^ hafizonialiy softer rocks are eaten 
back into l ays, hinder rotrks stand forward as capap; and plains are 
at last formed at a mfKlerate'depth where erosion ceases. Such Hub- 
martmi plains may later fie ele^tted into plains or ev»*fi plaKjaux ; or be 
depress^, .iiul covered by newer slr.'&ta. 
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Omeral Proofs of Denudaiion which afford also soiatj data ic^ 
estimating its amount. The occurrence of — 

1. -— River valleys, especially if in plateaux. The Big Canon of 

the Colorado is over a mile in depth, though very narrow. 

This is “ by /ar the most snbiime of all earthly spectacles, it ^ more than 
^too miles long, from 5 to iz miles wide, and from 5,00a to 6,000' feet dee^, 
the actual gorge l>cing often but a few hundreds ot feet wide.” 

2. -*-Gorges due to retreat of Waterfalls up stream. 

The gorge below Niagara is seven miles long, about 300 yards w'ide, and 
30G feet deep. Lyell estimated the rate of retreat at one foot per year, or 
35,000 years in all, and thbi since the close of the Glacial Period. 

3. — Cliffs, Escarpments, Stacks, Caves, find some Straits. 

4. *— Outliers of strata, isolated from the main mass ; Harrow. 

5. — Inlicrslaid bare by the removal of higher strata; c.g., the Weald. 

6. '-*Plains formed out of folded strata ; t.g,, Central Ireland. 

7. — Hills having a synclinal structure ; Snowdon. 

S.'— “The cffacement of all surface indications of faults *, a ridge 
being rarely seen, though it must have existed. (See p. 52). 
In yome tases dcniuUuiim may have kept pare with slow fault motion. 

Overlap pf the low’cr or older beds of a formation by the higher or 
newer beds, which extend successively farther, results from 
strata being deposited in a sinking area and widening sea, so 
that the shore* line constantly retreats. 

TJnCOnforiUability, <>r l-nconformahle overlap, is where one 
fonnalton rests on the outcrops of a lower and older series of 
beds, and therefore on a worn denuded suHace. Usually the 
planes of bedditig in the two series do not conform^ but lie at 
different angles of dtp. 

An iiucrvai of time, mure or Ic.sh gi vat, must ha\f elapsed l_>etweentbe times 
of dbi^osition uf tlic two groupti, and the lollowiiig stages may be noted ; -- 

1. — The lower l>eUs were deposited horizontally. 

2. -" These were raised, and often tilled or folded, 

3. ' -Denudaiion by the eroding action of water, \vind and weather, followisd 

or accompanied elevation. 

- Impression and submergence ; fullowed by 
5;— iHjposition of the up|:>cr grt>iip t n the denuded surface^of the lower. 

Such a Ltauk ts, usually accompanied by a PtsljiotttoUg^iml 

or marked change in the fossil remains fouitd in the two groups, th^ 
btiMsxii of such change affording some idea tvf the length of the interval whi<£;h 
is unrept'es^ued theie by depemts. though elsewhere these may occur. Siki^ 
a kr^k is an impetdcctiim— often a missing volume — ^in the geoU:»gical record ; 
h usually selected ^ the Une of .sejpumion beiwsen tlte great geologltil 
aus shown by • in the Im of Ponnations on pp. 4*14, 
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A Sectioil is a vertical surface of rock showing, in situ, the 
succession and thicknesses of the strata exposed there ; or h 
is a diagram or a verbal description of such sequence in any; 
district, or along any given line of country, constructed from 
observations on the nature, succession, dip and breadth of 
outcjj^p of the strata. 

THE ORIGIN OF SCENERY. 

The varied scenery of the earth’s surface is due to the varied 
action of the above-named agencies of change, acting on 
rocks of varied nature, and of unequal hardness. 

It depends on (i) the mineral nature of the various strata ; (2) the alterations 
in these owing to consolidation and to metamorphism; (,^) the disturbances 
such as tilting, faulting, folding, undergone; {4) the denudation at various 
periods and by various agents. 

** The three main factors are Deposition, Denudation, and 
Disturbance ; Deposition has produced the material. Denuda- 
tion has carved it into shape, and Disturbance has deBned 
the mode of Denudation." It is the sea plane, the river saw, 
the glacier file, the ice wedge, the chisel of heat and frost, 
aided by the winds and tides, the sea currents, and the fleets 
of icebergs, freighted with rock debris, from Polar regions 
that have given the land its present surface features, and are 
constantly modifyirg these features. The grand features, 
however, are largely due to great lines of elevation, alternating 
with others of depression. 

Synclinals are apt to resist denudation, while Anticlinals, being much 
fissured under strain, arc easily dcn\Kled ; hence “ what in geological structure 
is a depression has by denudatitm h»€!Conie a mountain like Snowdon, while 
what is an elevation has b<?en turned into a deep valley/’ A prophet of old 
WTote, *' Every valley shall In? exalted, and every hill made low," 

Mountains and Hills form the most striking features of most 
landscapes. As to mode of origin, they are due to upheaval^ 
denudation^ or accumulation, 

L— Mountains and Hills of Upheaval either— 

(a) Anticlinal elevations carved by denudation (rare) ; 

: Mendip Hills, Pennine Hills, Wealden Heights, Jura Mountains. 

(5) or are due to complex folding and faulting of the strata, 
which have been usually metamorphosed or even fused, or 
perhaps igneous rocks have been intruded from i>clow, 
forming *a crystalline core or axis. 

; Malvern Hills, Grampians, Cornish Hills, Alpi#, and most great chains. 

A mountain chain digers from a ridge of hills not so much in height as in 
origin; the rocks composing it having l>ee« sltiwly crompleii by laical pret- 
Rare and lilted to a greater iHiighi than they occupy beyond the limits ol the 
chain, whereas Hills proper are rocks left high by the removal of the rockft 
ot:^ surrounding them; i.e.. they artft hills io dtnudatum, while motth- 

tains ore high in »pite c/ di^nudatimi. 
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TT. —TriJiB of Circumdenudation are due to— 

(e) The outcrop of harder strata alternating with softer whiCh 
latter are more easily removed by denudation. 

North and South Downs, Cotswolds, Lincoln and York Wolds. 


(d) The carving out of valley by streams of or ice. 

Tabledands become thus deeply scored by canons and open 
valleys, and at last are reduced to mere ridges of hills. 

The Dip Mlope of a hill range of inclined strata is ihe long gentle slope. The 
E^carptneni is the steep slope, and u.sually runs in the .strike of the beds, thus 
keeping to the same formation. Such hill ranges nlvvavs rt*ct;de with the dip. 
The H.scarpment.s t>l llie C^oliies and (‘balk in Mkl and South Knglaiul form 
very marked features. 


The following Table (after Whitaker) compares the divStinctive 
features of escarpments and cliffs. 


Escawi'.ME.nts are due entirely to 
»u bile r ia 1 d e n ud a l i on . 

(а) Kim aUmg the strike, and so 
keep -to one formation. 

(б) Tops are mfistly even. 

Form the highest ground of 
a flistrict. 

(</) Dfien have springs at their 
toot, but rarely the se.i, 

(<f) Often run in winding lines, the 
lines of outcrop of the strata 


{/} Kivers Ix^gin at or near t linn. 
i.v , uate.r flovvs from them. 


('ijj<'r.s are duo largely to marine 
denudation, 

(rt) Kun at all angles to the strike, 
and cut tlivougli many Itirma- 
tions. 

(h) Top.s are mostly uneven, 

(V) Ai(‘ mostly bm ked by higher 
ground. 

(f/) Have the sea at their foot, and 
their bastis at or near the sea*level 
(r) kun nearly straight or in gen- 
ile curves (bays), e.\'cepi where 
the rt>t k changt.-s its nature. (T 
\vhen.’ a vallty breaks through. 

( f) Kivt'rs eiidat iliejn, e*-., water 
! thiws towards them at last. 

I 


Outliers isolated patches of some one formation cut off by 
dcniuUition from the main mass»and so, of course, sur to uutlcf^ 
by sitrata of older ni^c. 

These, arc usually but not necessarily bills; #• <; , Hampstead Heath. Harrow- 
on-the-Hill, and the Lnngdnn Hills, all ot l?agsln>t Sami on London Clay. 


l^ers are similar patches surrounded hy strata of nnocr agt, 
and laid bare owing to greater tbmudation than these. 

These arc usually but not necessaril\ vnlleys, and often nntidlnex^ or peri' 
: r,g.. Tin,; Weald, the Wtxdhope Valiev near Hereft-'rd. « 

IH. — HUls of AcclUUulatioil «uth as are heaped up — 

[a) By volcanic eruptions, the ejected materials bemg piled up 
around the crater into a conical hill. 

{/) actions of winds on sands ; the sand dunes of the 
Landes, of the great deserts and along the coasts of Norfolk, 
Dorset, Devon, &c* 
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The Age of Mountains* 

Tbb must be distinguished from the age of the Strata of which they are 
httilt. which may be far more ancient. Some motmtains are of great 
intiquity, but such are usually of no great height, being but the l^asal wrecks 
:)f what theyjyic.e were ; others are comparatively modern ; but all have l>ee« 
j( slow' grofmT, or rather upheaval, and periods of rest, and even of dejuu »sion. 
have super venetl. 

The Scaudiitavian Chain, including: the Scottish Hif^kiauds, 
now severed from the main chain* existed as hij^h lands 
before and during the deposition of the Old Red Sandsi uie. 
The Urals probably rose durin^^ the Permian Period 
Th^ Allcji^hartids be^^an to rise before the 'i'riassic Period. 

The Rocky Mountains date chiedy from the Middle Tertiary. 

The Andes rose after the deposition of our chalk. 

The fjreat East and West chain of luirope-Asia— the Pyrenees, 
Alps, CauctisHs, Himalayas, c-W.— is the most modern of the 
g;reat mountain axes, having been elevated in great part after 
the Miocene Epoch, and consisting largely of Oolitic, 
Cretaceous and Nummulitic (Eocene) strata, the latter at 
heights of even 10,000 feet in the Alps. 

The following high lands in Great Britain consist largely of, or 
at least owe their height chiefly to the occurrence of, the rocks 
named : — 

1. Intrusive Igneous rock - Gram b*. Syenite, hiorite, Felsione, IJas'ilt 

with crystalline Schists, in the I'enilamh, Cheviots, Charti- 

fiv'ctf Fomt, Cumbrian Mountaius, Camirian Muuntuiu.-* in t'aritarvon and 
Pembroke, Malvcrns, Dartmoor ;iiid the Cofnisit 

2, Interlx^dded Volcanic a.’^hes, tuffs. .Vc., in the Oilidl .md Sidlaie Hills, 
OumbriaH Mountains, Snowdon, and llilh of Mn wueth 

3. Arch.xan, Cambrian and Silurian Strata in the Jli^hlamC, (Jwnbrian and 
Cambrian Mountains, Lon^mytui and Carado: fltlls, H'rr/dn, Malverus 

4. Devonian strata in the Black Mountains of Brecon, the Quantochs, 
Exmoor and Cornish Heights 

5, Carl xmiferous -Strata in the Hills around Kdiiduirgh and Glasgow , the 
Cheviots, Pennine Chain and /Vrffcdisulct, Clee UiiU, Forest of iJcan and 
IVve Cli/s. Clijton Bocks, Mend:f.u IBlh 0/ Mid-Devon. 

G, Marlstonejpr Mid Lias in lidgehiiU, and CUvdand Htlh of Yorkshire, 

7. Oolitic strata in the York Maors. Ct^ts^oids, Portland. 

6, Hastings sand in the Wealden Heights, ending at Fuirtighi Head, 

g. Greensand in the Blackdoum and Derset H.iyhts, Leith Hill and Hind- 
head in Surrey. 

, ro. Chalk forms — the >^ 4 ' and Lincoln Wakh, Fast Anglian and Onltem 
IJiib, Afarlimrough Don'tts, SaUsKftry PUm, North f)owns, Sfouth 
" hU oj Wight Downs. 
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Y^0yj| are depressions in the earth^s surface, the larger aii 4 ;: 
dee]>er ones being filled with the sea or inlets of it, rcat 
mostly with streams and often with lakes. 

They are variously termed — vales^ dales, dells, combes, \vadys, qhitiea, 

f lens, gorges, ravines, cant)ns, passes and plains. When submerged they may 
e channels, straits, sounds, gulfs, liords, firths, 

They are due to {a) subsidence owing to earth movements, or to 
solution of rocks beneath by underground streams, (b) Faults 
and joints, which rarely do more than decide the course of a 
river, (c) Denudation, always the chief, often the only 
cause of a valley. 

Transverse valleys run in the dip of the beds, and so cross 
successive strata. Longitudinal valleys run in the strike^ 
and along the outcrop of the softer beds. 

'I'he main streams; mostly run across the grain ” of a country ; the feeders 
run " with the grain." Thi.s is well seen in the .streams of the Wealden area, 
which reach the sea by cutting through the chalk escarpments, to the North 
or South by gorge-like valleys Thest^ rivers are older than the }>re»ent, hills, 
and l^gan to cut the valleys when the line of highest ground was at or near 
the sources of the streams, and far above the. line of the enisting Wealden 
Heights. This line of watersht^ has l^etui lowered by detiudatitm, and wdth it 
the rivtJTs and their valleys, while the North attd South Downs have receded 
(about 1 5 miles), and continue to recede from the axis of the anticline. 

Plains low-lying and fairly level areas due to (a) marine^ 
denudation cutting back the land horizontally (p. 55). 
(6) Deposition of Alluvium over the flood-plain of a river, or 
in it.s shallow estuary. 

Kxs. : 'I’ho Eastern ('ounties (of chalk covered with glacial tlrifi), the Mid- 
land Counties (of Lias with much drift), the t'lieshire idaiii, the 1 ’lain of York, 
and the Severn Valley (all of Trias) ; the Central Plains of Irehind and 
Scotland (t)f Carboniferous Limestone, Shales, ike.) 

Plateaux usually plains of marine denudation, or rarely 
plains of deposition, elevated much above sea-level, and 
rendered more or less uneven by the denuding action of 
weather and streams. 

Exs. Bavaria, Spain, South and Central Africa, the Canon Region 
of the Colorado. 

Coutinauts are the large land areas, viz : Kurasia with Africa, 
Australia, the Americas, and Antarctica (?). 

Their mean height is about t, 200 feet, while the mean d^th cdthet)cean^ 
1$ about 12,000 feet,* but the zero plane, or original surface of the globe bedbre 
it be<:ame wrinkled, lies about 7.000 feet below the present sea level , the 
continental areas were early raised above, and the ocean beds depraised h^low 
this, and have probably undergone but mixierate changes in level as a wh<de 
since, though tne margins have oscillated in level frequtautly (see p 50). 

♦ Ur, Hurray of the Clmikngif gives xhe former as a,2jofeet, the laoer 
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Inlands are smaller land areas originating as 

(1) Fragments of continents, severed either by denudation or 

by subsidence Exs. : All large islands. 

(2) Accumulations of the debris from submarine volcanoes. 

{^) Accuipftations of the calcareous skeletons of coral polypes 
living near the shore line of tropical coasts, or on 
submarine banks {see p. 50). 

The former class {Coniiiuntal differ from the two latter (Oc^ttmc 

lst«Hds), in that they consist chiefly of sedimentary rocks, which. like the 
indigenous animals and plants, resemble those of the adjacent parent continent, 
’!rhe channel of separation is usually narrow and shallow, but may l>e wide 
and deep where the severance is ancient, in which case llic I'auna and i'U»ra 
are more unlike ; as in Madagascar, scwercxl from Africa in early 'reiiiary 
times, and now separated by the Xlozambitjue Channel. 250 miles wide, 
2 miles ( 

The 0C6IU1 ^he great water-covered area of the earth's surface, 
its five chief divisions being also called oceans. 

Its total area is .about 144 millions of square miles, but the true ocean basins 
are less, since iliese rarely commence near the present sltore line, along which 
often extends a .sut)inariue pl.ain, which may n<»\y and again bw:orne dry land, 
The deep basins have an aver.age depth of nlK)ui 2,000 fathom.s (2J miles), 
ami a greattrst known depth ol 4,:)Oo fathoms (5,4 nnles). ThcKO rticcivc little 
de^>osit uf HeJiment, and probably undergo little clninges of elevation; but vol- 
canoes often originate here, and may aiuiin enormous height and bulk, ao in 
the Sandwich Isles 

Sd&S water areas more or less enclosed l)y land but 
with the ocean (except a few salt lakes). 

Some shallow seas an; Intt nlighUy dcjwesscd parts of the adjacent continent. 

<• ^9 . 'Nmlh and lialiic S<.ras ; othtirs are di-ep basins, often trough-like, and 
mostly ancient feiiiures, r.g , the Hast and West basins of the Mediterranean, 
the Caspian (South part). Kcd Son, Sulu Sea, Carihlioan nea 

Iiakes water areas surrounded by land. 

They cither have no outlet, evaporation or percolation remo\ ing the surplus 
water, or the outlet is an effluent aiream of relatively small size, n(,»t an open 
Strait. There are four chief varieties (i) /•>fsA, with an outlet ; (2) SaU^ with 
no outlet, and nwjstly on arid table-lands; (3) Inland Seas, salt, occupying. 
4«presriooft, and often very deep : (4I Lageonst of s;ilt or brackisli water, 
iknrting low shores near the sea, eg., c<>a.stsoi Germany, Denmark, Molland, 
Stp^in, Hindustan, United Stales 
* 

classred as to their origin are either 

l.*--Tbose fvlling bullows enclosed in part by superficird' deposit mounds 
of sand, gravel, b(*ach shingle, moraines; or else glaciers, avalanches, . 
cn* lava streams which have obstructed valleys. 

♦ The chief Canttncniitl Islands in order otasire arc •’-Greenkiwd, Pajma, 

Saiaatra> Nipbon. Oreat Britain, Celebes, fava, C«h». 
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II,— Those ^vhicb lie in true rf>ck.b£iiiins formed (i) by glacier erosion in 
va^lleys or plains at the foot of mountains ; i g., most of the lakes in 
Europe to North of 52' lai., and in America to North of 42"^, and 
thickly scattered over Scotland, Scandinavia, Switzerland, North 
Germany, I'inland, Canada. 

(2} by subsidence owing to earth movements or to faults “probably the 
great lakes of Central Africa and of (.‘anada. 

(3) by solution of jwdiible strata by rivers or underground smjgms, t.g., the 
Shannoi'J lakes, Cheshire meres. 

(*^) by elevation of tin? ntouth of a valley, v //., L, Titicaca, Great Salt L, 

Many sail lakes are tragrnents of the ocean, and ofttni still contain marine 
animals, c.g , the Caspian, area jSo.ooo srj miles, ycwKi feet deep in its 
s<jiuthern hall, surface H5 teet below that of lilack t^ea. its waters are salt 
(r JXT cent,), seals live in it. and shells (d Arctic species are scattered widely 
around it, as far as the Sea of Aral, and thence to the Arctic Ocean. 

PAL/EONTOLOGY 

Is the study of fossil beings : and treats of the livinjLC beingjs—* 
animal and vegetable— which have inhabited the earth at past 
periods in its history. 

A Fossil or “ petrifaction ' is any body, or the traces of the 
exif^tence of any body, whether animal or vegetable, which 
has been buried in the earth by natural causes. 

'I'lu* ti'rm IS usually made to <?\clu(h‘ n mains h untl in deposits ioinud 
(luring the Historical i'tTiod, such rcm.'dns being lalkd Kecent 

Fauna Flora mean the entire a.ssemhlage of the Animals 
and of the Plants lesjKCtively belonging to a pailicular 
region, or to a paiticular period. 

The cKistiug animals and plants of ihc world arc tlisiributed in i;ix 
biological regirms or Hotanical and Zoological I’tajvinccs. 

1. /\fAoo*7/i“aH EurojjW, the tcrnperalo parts of A.sta, and Atrica norili of 
the Sahara. 

2. Bfinuputn-'- llm rest of Africa, with .\jal.na aral Madaga.«'c;ir. 

y Oooj/.;/ “Asia to cast of ihc I’crsian (iulf, including most of the Malay 
Archijjelago, 

4. .‘OcsfoT/aiH— includirg Australia and .all islands to the t.ast and south of 
Bor and java (Wallace’s Urn,*). The Australian cimtineni probably 
included ftn'hnrly OUdx's, Bapun, Norfolk 1., New Zealand, Tasirar ia. 

* 5. No.-.Oc/'urf/ ' all S<5Uth ami Centr.d Ainerka. with the West Indict;, 

6 . Sf^tuiu'-nW North .America l>eyoiul the trojucs. 

lu the first three the vxistingand thecKtinct forms r)f life are nK*stly v<ky utsHke. 
while rn the next two they are very similar, save lh.'U ihe extinct forms wer-ts 
often of gigantic size In the Aistrrdian Region there are no indigenous ape^ 
or monkeys, no ('aruix ores, Kuttnnants. nor Buchydernis, but huir-fifths of the 
Mammals are Marsupials— Kangaroo, Womlxu, Flying Opossum. Natives. 
Devil, <kc. The plants of Australia include Tree-feins, f'vcads, 
£tu'n{yftKs (gum-treed, and many heaihdike plants; but uo bread-yicldif^ 
plants occur, and icw edible fruits. 
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FOBSilisatioa or Petrifaction refers to the particular state of 
preservation of fossils, whether (i) the real bodies, altered 
merel)’’ by pressure, or by loss of soft parts, or owing to 
infiltration and addition of mineral matter ; 

These occur mostly in clays which preserve them fnmi air and water. 

(2) ^asts ” or moulds of the exterior form, or of the internal 
cavity ; 

The actual body, i-g., a shell, may l>e removed in solution after the casts are 
formed, and so leave the internal cast loose, and the external cast on the 
surrounding rock ; or the cavity may be afterwartls filled with mineral matter 
from solution, similar to or different fmm that of the surrounding ruck. 

or (3) models formed by slow replacement, particle by 
particle, of the whole of the original body by some mineral 
substance, leaving an exact model, not only as to external 
form, but often as to minute structure. The replacing 
material ma}' be silica, calciit\ itori py tiles, iron oxide, 
iron carbonnfe, and even sulphur, nialachiie, vivianiU, &c. 

W(v>d, shells, corals, sponges, may thus Ik* hilicifita or converted to flint, or 
calcified, or p\ritized ; and wcjod, leaves, Sec., are often carthniized. 

Note. — VVlien fossils occur in an imperfect state, they may have been 
broken as prey, drifted by currents, or worn by sln>rcvai:lion, 

Drifted ios.sils may of cour.se occur in strata to which tliey di> not bttlong, 
Lias fossils occur North of London, in glacial drift, on the I^mdon clay. 
Fossils are often fouml in the petrifted droppings {atpfvlitc^) of fishes, and 
reptiles, which coasnnu d litem as prey ; l>onch are found burie.d in the stalag- 
mite floors of limestone caverns of I'^osl Tertiary age. having often U?en gnawed 
by cave-dwelling Ix^a.stH of prey- hyamas, lions, l>ears. 

THE CHIEF CLASSES OF PLANTS. 

I, -Ckyptccjams are fiowcrless plant.s, bearings spores which, 
unlike seeds, contain no embryo plant, and arc very minute. 

1 . AlgaB-^^tra-weeds, <^:c. Occur fossil from the Cambrian Period. 

Some, which secrete mineral matter, form rock deposits, t ..tr., 
Corallines and Nullipores, with calcareous incrustation ; 
Dintonis, wdih beautiful siliceous cases (frustules) ; 

Chara, with encrusted stems and fruits (Gyropiianites). 

Chard is v\idcly diffused in lime and space in fresh-vvater dcj^xrsits. 

Eoph\U}n, a fucoid of L, Cambrian age in Sweden, is the oldest known plant, 
but ;dl Ihe-tertiary forms are of d»)iibtful nature ; though from the af)UndHnce 
of vegetable deeding Mfdhiscs in old r«w‘kri Alga were probably .tKo 

abundant. 

2. Fungi — mushrooms, lichens, See, Are rare as fossils. 

3 * M0SS6S niay form beds of peat — of Sphagnum, the bog’-moss. 
4. F 6 rns occur fossil, often almndantly and of Uee-like sii^e, from 
Devonian or Silurian times (AdiautUes in Kilkenny.) 

Note. — T heir names often end in pUris : EopUm, Neufdptem, CdHipptvrii 
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%. Eaaisetitesor horse-tails, with jointed stems much silidfi^ an^ 
whorls of leaves. Forms of ^t&otsizc, Culcifftitest Astct^^hyl- 
tites, Equisetitca, occur in the Newer Pal*ozqic rocks ; and 
others, Equisetum, in the Trias and newer rocks to the present. 

6. LjCOpodS or Club-mosses, though small now, are among the 
largest and most abundant of Carboniferous plaVtf ; their 
resinous spores and sporangia alone form whole beds of 
coal, and their stems and foliage help largely to form others. 

They date from V. Silurian, where occur Lepidodendron, Pachytheca (?) Later 
forms were (stem) with Stigmaria (I'uots), Halonia, Utodendron. 

iz. — Gvmnospkrms are Flowerinf»‘ plants ( Phanerogams 

naked seeds, t.r., not contained in a seed-vessel (ovary). 

7« CycCtCis, palm-like plants with hard leaves, easily preserved. 

They date from Permian times, and the Mesozoic periods formed *' The 
AfC® o! Cycads.” Genera ; Ptirophyllum, Zamites, Cycas (the latter still living). 

B, Conifers — fits, pines, yews, &c. -with resinous wood (the 
fibres of which have peculiar markings), and Uwsually cone* 
shaped fruits, or solitary ones like Trigonocarpum. 

Genera: Pittites. DitdomjUm, Arancarioxvhn. S-c. Sternhiygiu is a pith -cast. 

They date from the Devonian, but were first aliundant in Ir’ermian times. 

III. — Anoiospekms are Flowering plants, bearing true seeds 
within a closed seed-vessel (ovary). 

9* Monocotyledons or Endogens, the stems having many small 
wood bundles crowded in the outer part. 

Ens. : Gra».ses, Palms. Lilies, Arums. They date from Carboniferous age 

10 . Dicotyledons or Exogens, the stems having the wood- 
bundles in a ring, and growing nnhcuirds, forming annual 
rings of growth, as in all our shrubs and forest trees. They 
date from U. Cretaceous and abound in Tertiary strata. 

Classes 4'-6, the Vascular Cryptogams, are very abundant in 
the Palaeo;zoic ; 7 and 8 in the Mesozoic ; while Classes 9 
and 10 are nearly confined to the Cainozoic formations. 

THE CHIEF CLASSES OF ANIMALS. 

X, — Protozoa, small animals of a jelly-like substance, in many 
cases secreting beautiful shells, usually perforated, which 
shells alone can be preserved as fossils. 

Class I, — Rhixopoda (root -footed) including besides soft forms — 
(i*) Foraniinifera, having mostly calcareous shells. 

These date froni Silurian and possibly Archaean times and are very . 

abundant, often forming thick beds' of limestone covering vast areas. 

Chi^ of Cretaceous age, Nummultric Limestone of Eocene age, Atlantic 
ooxe still forming. ^ 

iu0, MiiiQh. Lagena, JPmulma, 
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(2.) Badiolaria, having siliceous shells of great beauty. 

Genera: Adiitcmmiu PodocyrHs. HaHomma. Sue “ Biirhadoes Earth,” >^5. 

II — Spongida. Class 2: Sponges, f^oft animals with an internal 
skeleton of horny fibres, or of spicules of lime or of silica. 

The latter kinfUoccur abundantly as fossils from Cambrian period, especially 
in the L. Gjj^nsand at Karringdon, Mvuwi, J\yoth>Ua, C-. , and in the chalk, 
chiefly in nnits, Sii>hon{ii, Vcntricuhtcs. 

III. — Co-.LENTKHATA, simple or compound animals with a distinct 
l>od}’-cavity, and often a firm stony skeleton of radial plates 
or of tubes, or of both these. 

Class 3. HydrOZOa, includintt Jelly dishes, Millept>re corals^ and 
probably Graptolites, which had pen dike horny skeletons, 
the ^listenin;^ impressions of which, in pyrites, are common 
in Silurian rocks. 

(ienora : Mono^niptu^^. Diplo^yitptu'', l)idvmo^hip{ui, Uictyof^^raptus, pJHirika. 

Class 4. Actinozoa, includinj;' Sca-anemones, Scadans, and 
Corals; the latter may be sin<;ie as in the Mushroom corals 
{Funprln), Cup- corals ( Ciuyopli vllift , tcc.), or coot pound as in 
the ree fdi ui Id inj;' corals (Astraui, Mcaudriiui, titc.) 

The i\* ei >osK (wrinklt'd) c < trals,so,'d>iin«J?nit in the Tali e.^eieUmestniies, so rare 
since, had the calcareous p.arti lions (septa) :3rrangt‘(j in fuurs {Teiraeoraila). 
Exs. : C}< 4 th(ipiiylliuv , Oniphyma, {.uttMiukui, ponsibly M (cfu^ltniii, floloi-ysth. 

In the Hc.^At' OK, M.i.A i lie septa art* in sixes. E.x.s. Vaduporj, fainyyies, 
Funnel. In, the ALe\oK.AK/A or Oe r... oR,\f.L.i tlie sepia are in eights. Kss, . 
Ked coral, lldi-if oya, 

IV, ~'"Kchin’odi:k.mata, Class 5, usually ^A'nyvxX aninials with a 

rough skin strengthened by cah;aieous particles, or by plates 
so fitted as to form a shell covered with movable spines. 

The class includes -- 

[a) fixed forms, mostly with jointed calcareous stalks. 

(T) Crhutiih or idicrinites, “ Sea lilies." ranging from 
Cambrian, abundant in Carl>onifeious and Jurassic, rare 
now, Acfinocrinu^. Pi uiainiius^ Apun rimni. 

^ (2) Cysiitkans and (3} IMasUnds, found in Palcxo/oic only, 

(b) free form.s, vi/. : (41 SUirdi^bes : and {5) lhiitle<, 1 ar$. 

(6) Sea tirchins ) with spineocovered shells, eitlier 

regular in .shape, an Echinus, Cidarh, Hcmicidnrh^ Dia^ 
dema ; or irregular {“ Heart-urchins,") as Spuiattgus^ 
MicnisUr, AvanchyUs^ Echinoionus {OaUritcai. 

7'he Roman numerrds 1., If ,, U l , A:e . Oder lo this grtroter group** commonly 
called Sub- Kingdoms or Series. The nujnbtTfs in brnckets iefe*r to ^ittb-divi- 
nions of the Classes, commonly called Orders, hot which are. in many cases, 
conjodered to rank as Classes by cohet anth^jrs 
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(j) Sea-cucumbers, Trepang {Holoihuria). Rarely fossil. 
V, — Vermks or Worms. I'he chief fossil forms belong to 
Class 6. Annelida, especially the tube-dwelling forms { Tnhtcola:), 

Genera; Scy/uhf, Sfiforhitt, ami probably the rainbrian AfinifoUtc^. 

CluwSS 7. Poly 20a, small compound animals, common in rocks 
of all ages, encrusting shells, or free, and aiding largely in 
the formation of some limestones, 'i'he mis called Coralline 
Crag is rich in Polyzoans. 

These- re.scnilde cornls, bnt Riv. of hi<;h( r orgamsaliun, rnvd are otten grouped 
with or with Hrachiopoils as tho suIt-kj!i}.::lom Molluscoida. 

JCxs. , h'encAiUii the “lace-coral," J'cdrfiK!, Lepyaiut, 'J'he&>iu, Fii^eicuhtria. 

VI — Ak'I HKonoDA, ringed animals \yiriiiulnta), with jointed 
limhs and a hard skin of chiliu, often calcihed. 

Crustacea, Ihe jointed vShelMisii. with many paired-legs, gills, 
and a firm crust. 'I'he chief groups are : the Lobsters, 
Crabs, the King-crabs- Linudus, Pvist^.’hhin , liarnacles— 
LepaSy Jhilanus : Ph\ llopods - -//i EstJu ria : and 
Ostractuls, including hbitomosiraca - ('y/'r/.s-, CxiJu're ; and 
in the older strata the Kiirypierids---/wi;;i7>/f77/.'», Picrygotus; 
and above all the Trilobites (page xiv. of Drawings and 
note on page 69 b 

This clas*^ being mostly lujuatie. and ilic mIu-H ralcd'ied. is very abundant 
in ll)e fossil state, and dales from the Lower t ambiian 

9 * Araclinida, indudiiyg Spiders and Set^rpions, l)oth dating 
from the Silui ian— ybi/u/aou’tf and lioM ^ rpius, 

Myriapoda, including Centipedes and Millipedes, with \cry 
man\ paited limbos. The class dates from the Carboniferous. 

ti- InSCCta, including beetles, flies, moths, bets, A’c., and mostlv 
having distinct head, thorax, abebunen ; six legs and four wings. 

Insects dnle from the tSiluriaji age in I'lame, the l >cvonian a^e in .\ineiica, 
and are first found in ihifrdn in the Co.il Mtasureiy vpjjte coiinncmlv in the 
junissic roeks. and abunrlantlv in the reriiarv strata j^t-antilull}- preser^-.d 
forms occur in Amber, a fossil rcsiu t^f Mid-d'ertiary or i\>st-Tertiary age. 

VII.- Moillsca, soft- bodied animals enclosed in a lough 
muscular .skin 1 mantle), and usually covered with a calcareous 
shell often very thick and of great si/e, either in one piece 
or in two valves.” 

The Mol 111 scan “ shell fnsh" are the most abundant, and to the guth gist 
the most valuable of fossils ; for 

ist. They usually form very durable shells, horny iLw^ttuj) or calcareous, 

tmd. Being mostly aquatic they are more likely to be preserved in aqueous 
rot ks than terrestrial forms. 
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3rd. The freshwater forms being unlike those found in Ijrackish water, and 
in the sea, their prpenco enal>le>s us ti> distinguish between lacustrine, 
estuarine, and marine deposits. (See pp. 2 — 3 ) 

4th, No one species has any great range in time ; its horizon is limited. 


5th. I'he geographical range of each kind is usually very great, so that it 
is very likely to occur in rocks formed at the same time, in places far 
N.i>.— 'I he range m space of any species is u.sualiy great, though 
its range in time is always small . 


Marine forms date from ('ambrian 
I'reshwater forms from Devonian (Ancdoniii) 
Land forms from tlie Coal Measures {Ihtpa) 


Eaclt ('f these 
genera still lives. 


12. Brachiopoda, “lamp-shells,'’ having bivalve shells, the 
valves placed front and hack, each symntelrical but usually 
unequal, the front one with a beak. 

Lor distinctions between, nn<i range of, the chief genera see note on p, 70, 


t3» Lamellibranchs, (iihering from the last class in— breathing^ 
hv leafdike gills, the two valves of the shell l>eing usually 
equal, often un.symrnetrical, and placed rii;hl and left. 

The fornus with but one shell rnnsclo (KU‘TH>inv;iry) cici ur (>nlv’ in the sen; 
as Obtifit, (\vster, <ifyl'h<t,A , ilio.se with two (diTnyury) may oemr in eiOmr sail 
water, as C<ii‘<Unin (Cindde), }f\iiluy, 0 ’ 1 or in lio.shwater ; as Vftio, 
Anodviita, Cytrnu. Plu'hti and i'aciio are de.^truclive boring sludks, 


H- Gasteropoda whelks, cownes, vVc.~- hilvinf; lutivalve 

shells, usually Sjural, breathing either In ^;i]ls or in the land 
and freslnvater forms, by a lung;-sac — vSnail. 

Carnivoroti.s forais, rdl marine, may l e- kni-wn b) the niuclud nuauh (»r 
canal t(„» the shell whif ii marks tl.e j it'S( ikc <*( a lespiiatnr^ tube or sipbt>n. 
Kmirc- !noiilhe<i fornjs (i loiostotuata) have no sttch Mfbon, aiul are unu.'dly 
herbivorous C’ertain oceanu: forms ( neici<»jK>da) swim as did the 

extinct BelUynf-hr'H, 

15* Ptetopoda, oceanic forms swimming by a pair of wing; like fins 

fossil forms an* few. but include- I t’fdiU ultif;., Lounldrut, 


lf>. Cephalopoda- octopus, cuttle hsh— most having 

long arms bearing suckers around the mouth, which contains 
powerful jaws. The external .shell when prest nt ks many- 
chambered; when absent there is often an internal ‘‘ pen or 
bone, cuttle-hone, liclemnltes. The class is nriarine. 

There arc two ^’roupi. . - (i .} The I iibranchiate or 2 gjiled forms, including 
all but one of tl^e existing forms, ami attaining sometimes gigantic size. In 
these, except the paper nautilus, there is no external shell, and <r<cept the 
they are rare as fotfslls, tj ) I he Tcirabr.uichiate or .y gdled forms, 
with cbaml>ercd shells. These include the living jxsirh Nautilus and the 
extremely abundant fossil Xantih, Orfhocerattifs, Ac. fScep, 70 ) 

The above classes, with others of less importance, collectively 
form the I n \ k r t e it r a x t . • 


z 
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vm- VERTEiiRArA, BTiimals with jointed bony skeleton, especL 
ally a '* back- hone ” or column of vertebrse. Limbs jointed^ 
2 pairs, or reduced to 1 pair or 0; these may be arms, legs, 
wings, fins, paddies, &c. 

Class r— Fishes, oviparous, cold-blooded, scale-clad, breathing 
by gills ; tails diphy cereal, heterocercal, or homocfe-^al. 

f ishes datt: from the I,owcr laallow rucks of Ij, Silurian ( Pgn/s/'is Ludensis), 
unJijss the lu^uh-like; '■ (’onoduiits ” o( Cumbrian ngv., from Russia, be such. 

f he chief groups arc the Teleosicaus, with Ixuiy skeletons — most mfxlern 
hsiies ; the hla.anobram hs witli caitilaj;inotis skelVtun, and no true scales, 
thoui^h their spines are crmimonas fossils {/r/;P.’i/t>rfc-‘;«///rs) —■.sharks, rays ; the 
(.hima.roids Rityniluniu^ : the (h'nii>ids usually clad in plates of bone often 
si'ulpiun^d and enamelled. This group includes most uf the balir.o/oic and 
Mes-w)ic hslus, as also n few living tdrm.s .sturgeon. tVc. (ianoids formed 
the most strildag feamn* of the fauna of the Devonian and Carboniferous seas 
and lakes. (Seep XV.) 

Class 2— Amphibians ^vith the character of lishes in the young 
or tadpole stage, and ot reptiles in their adult state. Besides 
the liatrachians- -frog, toaihtXc.. and the recent tailed forms 
— newt, salamander, axolotl; there were Liibyrijiihorfonts, 
honc'Clitj forms with peetdiar teeth, and often of colossal 
fiiliraiosattno;. Mnstoili>u$auru:\ -but found only in 
Carhomferous, Permian and Triassic rocks. 

Class 3 "-Reptiles- cold-blotKled, breathing by lungs, and clad 

with horny scales or !>ony plates iscutesb Of the ten orders 
km>wn ft)ur only still live. 

Toriuiwc'i and tiuilc.s, vlating lV('m ih<- jurahsic jH'riotl. 

j,—- Isviakci, and scrpeui.s, m»l known lv> ha\i‘ exisU'ti bclore 'I'crliary limes. 

;^,~-Li/rir(;ls, inchidiiig ihe rermian / /ivkn'.sj»/,vs- (the earliest known 
reptile), the d'riassic Vr/co/i'fi'W, and the gigantic Cretaceous MoyA.>iturtts>. 

.p— Crocodiles, including lh<' Stagonok yh ol the I rtas, Tclecsmirus of the 
Oolite, and the GoniophvUs of the Crotacecius. 

The chief extinct orders, all Mesozoic only, are ; 

5. — Ichthyomund, from thel'rias to Chalk 6.~ rUstcmunn, 'I'rias to Chalk. 

y, - Oynitho^jnrUi or rtemaiina, flying reptiles (dragons) <&c., 
from the Lias to Chalk ; IVftamphovhynihvs, of Oc»li{ic age, 

D'mosiiuria, huge reptiles abounding in Mesozoic times, and confined to 
these, lixs. ly^uanodon, Mfgdkisauyu>, IlyUosifurus, CdtOMturns. 

The AtkwtoMurus, of Jurassic age in AnWrica, was probably too feet 
long, and stood 30 feet high. t 

Class 4 — Birds— ''iit'^^-hloodcd. breathing by lungs, and clad in 
feathers ; toothless, except in the earliest known forms from 
Bavaria^ Kansas, and Eocene forms from Sheppey L 

The earliest known form is the Arckaoftrryx of the C. Oolites (p. 9), which 
had a long bony tail, with large feathers on cither side. It was footht^, 



69 


and strUfinj-Iy r<*ptdian in apj^e^arance. Th<^ largest birds known are the 
rwntly estinct Maa {Dinorms) of New Zealand, 10—12 feet high, and allied 
to the ostrkh. emu, and other running birds, and the .'Ef>iomh. 

Class 5 — Maniinals — With the above characters f)f birds, hut vivi- 
parous mot hatched from and clad in hair iwool, fur, 

quijjL't, <lv:c.), or naked, I'he earlier forms were, like nearly 
all the existing," Australian forms, \i) Marsupials, htivinij 
pouches for carrying the very imperfect }'Oung. The marine 
forms include CetaceailS-’^ 'vhales, porpoises, dolphins ; 
also (3) SireniailS'-'nianatctocSrc.; also certain Camivora — 
seals, walrus, Ac. Other important groups (orders) are the 
u) Edentates- sloth, (i/r/jWof/, Mej^athirium : ^5) lusecti- 
Vores- niole, Steno^nathus: (6) BatS : (/) EodentS- -vole, 
beaver (Castor), hare ( Lepus 1, mouse; (S) Uugulates 
(hoofed) - -including horse, pig, I\hinoi'i'n>s, Tapir, Palatf- 
theriufti : also the RuminaUtS”- elk, deer {Crrvusi ; 
and the Proboscideans- elephant, Mastodon, Duioihcrtum ; 
(9; Carnivores lion ^FMis), c.it, dog {Vanis), bear {Ursns), 
Hyu'na. Tlu* highest order, (jo) Primates, includes 
monkeys, apes and man (Ilofito). 

Mmnmals date from iho 'l’riasd(' Mirrr>;i\acs : they have nf‘xt hoeii foniul ir» 
tIu'. (ireat ( 'Sinnoshoid Skdo"); tlion in tlii* Pui );<‘i k Ciolitoiv ; an«l not 

.again tillllu- hncoilc strata, whoti tion-marsupial furrus ji»*%l InHaHVitr abumlaut, 
Man certainl) iivtid in \Vr>tcrn I'.uvopc in early I ’i»’ t glacial (ina's jtiobably 
in Inter or Mid-gla< (al limes (aljont years ago), and jwiHsibly - 

though iinpi'iibably m I'ro-glncial (Idioeone an<l Mioamn) limes. (Sec p. 5,) 


NOTE < 9 N TKILOBITES. 

These Crustaceans are confined to tlie Pal;x;o/oic sliata, where 
they are extremel) abundant, and vary in si/t; from that of a 
pinSs head to over two feet m lengtli. The e}es art; ceunpound 
(with from 15 to 15,000 facetsj,and tlicy probably had swimming 
paddleSt as in the Lobster, Ac., their impressions being knowm. 

hive regions, t'aeh trjore or less 

j-loixid (hence the name-- Tri-lobite) . 

The Cephalic Shield, coverhig the head uften vdili tw(.> lateral spines, and 


2, The Ihoracic irgmejits, or h^rfK ring^^, hum t\^o to ah in number, all 
separate, and each consisting of an axn and tvio pleurae 

3. The Py^idtum, or tail-shield, of from two tu 28 rings united. 

Chief genera < }*amdo(aid^s and Okntis of Cambrian age ; Asaphm and 
of Lower, Pkacops roxd Calymne of Vppwy Silurian age; Bronitus ixml 
of Devonian age; and Phillipsm and CriJ^thides, of Carljoniferoua rtge. 
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NOTE ON BRACK lOPODS. 

These bivalve Molluscs, so abundant in the Pre-Tertiary strata, 
especially the Palaiozoic, are now nearly extinct. (See page xvi.) 

The chief distinctions l>et\veen the different genera are often in the internal 
structure, esjjecially tiie fringed arms and the spiral or looped stony processes. 
The following characters refer to the shell 

In Lingula, tongue-sliaped, flat, and horny, (.'ambrian to Tre.sent. 

In Rhynchonella, sharply plaited and with pointed beak Silurian lo IVescnt. 
In lamp-'shell, " oval, smo<ah, or folded, with a large round 

hole (foramen) in the lK.;aked (t>r ventral) valve. Devonian to Present. 

In Spiri/eya, folded arul often plaited, with long, .straight hinge line (Name 
from two large spiral striuy coii^ within). Silurian to f'{‘.rmian. I'he related 
Spirift'tinu {e.g., S, WciUottii of the I-. .Lias) ranges from 'Frias to Oolite. 

In Vvedneiu^ the shell is rough or spiny, much curved, the dorsal valve con- 
cave. the beak very prominent, and llm hingc-linu straight. Devonian to 
Permian. Species P sgmircliiuiiitus, honidns. 

In Atnpa usually one valve is nearly flat, the other much bulging, and both 
fittely grooved. In Orthis the hinge-line is straight and wide, the valve.*s 
nearly flat. In t^irophorntna the vfdves are fintdy grooved, at first nearly 
flat, tlien abruptly bent, so that the dorsal valve is dcprc.ssed, 

The three latter genera range from Silurian to Carboniferous, 

NOTE ON CEPHALOPODS. 

The chief fossil genera belong; to the families NautilidflB 2ind 
AlDIXliOnitidCB, ^tnd arc known chiefly from their chambered shells. 

in Nautilus llie shell is cciilcd in a flat spirrd, llie .septa or partitions arc 
coiK:avc outwards, the sutures plain, or in Aturut witU deep side lobe, the 
siphuncle (or tube connecting the chambers} central. Silurian to Present. 

The OrthoiOiis is similar, but .'.hell straight (xiv. 141. Cambrian to 'ITias. 

In ClymintJ the sutures are sirnpli^. ; sijihuiu'lc internal I.Vvonian, 

In Gonitiiiies the sutures are angular, siph. dorsal. Devonian to Pennian, 

In Ceratites the sutures are crenated, svarcolv fcliaied. Mid-'i’rias only. 

In Amvwnites the septa arc convex, th^ sutures wavy or leui-like {foliated), 
and the siphuncle dorsal, Trias to Cretaceous, Kecent writer have grou|>ca 
the old genus into several families, including 38 genera, with some 

600 species; f.g., Amalt/Wus. AtiesUs, AruiAfs, Hanuta. 

Ill the Cretaceous rucks, where the family Ammonitidre Inrcame extinct, 
many remarkable aberrant forms oixnr — Turt Hites, with spiral, turreted shell ; 
Baeulitis, with straight, .staff-like shell . liamtUs, with shell hent twice like a 
hook (xiii. 12): i^i'apinUs, with boat-like shell ; jlwr.u'crmzi and Cnoc^ras, with 
variously curved shells. 

Another form of Cephalopod, very abundant in sozoic strata — Lias to 
Chalk. -“-is BAetKuites or ** thunderbolt," the conical internal guard " of a 
kind of cuule-tish, containing at one end a coni:aI ohambt^red piece, the 
“ phragmacone," and sometimes alx»vi; it an ink-bag of sepia Water- worn 
specimens arc common in many Post-Tertiary gravel and drift deposits, 
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ORGANIC REMAINS OR FOSSILS 

AND INDUSTRIAL TKODUCTS, 

Must of the fossil forms referred to Kdow are figured in the ‘"Tabular View 
of Driilsh Dossils ’ iSirin(t)rd}, in all the larger manuals, and a h'w in these 
notes on pp, siii. to Avi. About lo.oou sj>et:ies of fossils are found in Lritaiin 

The of museum and htndeius' c<tllectiuns (»f fossils is an essential 

aco.anpaninient to the use id’ these desc riptive lists. 

The AucM.'t’:AN or Pre -Camhkian Phkiods. 

The ArchfiBftn n>cks of Britain (p. 15) Pebitlian on Dimetian *• 
are, in part, volcanic accumulations on the land, in part gneiss; 
and unfossiliferous or AzoiC» /«<*., without life. 

d'lie Laurentian rocks of C'an.ula contain a dtuditfully organic structure, 
possibl}- a reeid)nil(ling i-'oraminifer Ju'iooH lunce are RoZOiC. 

1 he HuroniaH rocks resting on Lamaniinn gnei'^s have yielded no 
ft»ssils. 

'J'he Taconian rocks «'>f America contain lossils. *: Olotellit.^ 

Products road-metal, lime; in Canada, iron, black-lead. 


I.- -The Vh\.A.o/o\c or Pkimaka IT:ki()J>s. 

“ 'f'hc Era of liracltiopods, Orlhoccratitcs, I'l ilohites.” 

(h'or tlie general character <‘f the fossils see p. 16.) 

Tin,' Lower Lal.co/oie or Carubro Silun.ni scries tiuttains tlucc successive 
Isiunas, ea< iM h.it'aetcr'sn'c gn-at gp'iif. oj >i\^Um of sham, and ha'nn.'d 
in t line sect essive / r o’i'.L 0 } time. Ssiudatly, llmts* ar*- ihn c Lppra rnbro/oie 
IVrii.'ds and Systenis Down to o-.e.-T, / iUth'li ( alao/i L' s|t(“cie;' are 
known 

Period I .-—Cambrian, 'Viih the first or Iriimoidia] fauna — 
Sponges; Trihdjites iPanidaxhU^if, OUnn^); Bracinopod.s 
{Lingnliif Orliiih)) and Pterojtods ( /Vtccoi, 

The TjOW 6 jr Cambrian fonmins hhictlv m the 1 i (rlerli and Mentoian 
rocks of St J .kfvids) }'i , rhrHU\' i:f< J :i!k\ ,Sf//s/o/ {Wf.irrn.s; , 
fjttj'i.'m, I'. i'idtoniii Snii^u-ifka , and oiluM’ 'rn](,d>jo •> , 

pyim./'ia, fcvr;iri>u\^ : and other I ira< hiivpocb, , I htw! txntiqun , J , 

and other ['urropod.-, 

The Upper Cambrian /Lingula Hags and 1 rtanadoc bed:-) tont;dnit 

numerC'Us d riKil'ilc-, mnn/j/o; iicy J*.r,hi;', Am^dniu 

SfdiX'ii-'hhjf ; .Vj: / ni> Hi Ilf nnt.n; , a shrimp llymitU/^nLi xiinit- 

cauJa ; t\u* Lrachjv)pods Lofgx/c/.'.i Ot!hi'> t araus-a . tlsr I'tnropod.^ 

Thera ohiu^u, ; the Gasler -pc'd Rrih ; atul the hr^.t ( a;phrdojK>d 

Orthitceras i.'rUeum. 

Products — The valuable slates of Penrhyn and Llanbcris : 
graphite, gold, and various metallic ores in veins. 

Period 2.-- Ordovician or Lower Silurian. 

Areaig l^eds. {h) L*andtilo beds. \i) Bala Uxlw 
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<< The Age of GraptoUtes, Trilobites* Cystideans/’ 

Marine life had now become abundant and varied, nearly every 
class of Invertebrate animals being represented ; Brachiopods 
and Trilobitcs ?»warmed everywhere. 

The fjuill-pen-like GraptoUtes (Class i)-^l)idymo^raptu$ ; piplograpius; 
Dicclloj^irdfUn ; (’.ysticlean Iu:hinoderms ; Splhnmiti'^; and 
Trilobites esj»<;cially ahottmled. Oi the latter 40 j^encra, with 200 species, 
occur- -A mJp It us tymnnus : Ocy^iii Buclr.i : IrinncUus Gibf'Sii, IJoydii , comentneus. 
Corals were lew, hut Brachiopods (170 sp) swarmed in the seas — Lingula; 
Lef Urmt; Orthis (jtligntmuitt, alula, Gasle.ropod spiral shells- ; 

Etmnphalus ; Belkrapht^u , and Cephalopod chambered shells (ho sp,) — Qrtho- 
cera^ meuiUx, varans ; and Lituitcs icrnu-druiui 'arc the hi^^hesl forms of life 
known here. 

Products — inferior slates ; flagstones ; metallic ores in veins. 

Period 3. — Siluriatf (Upper Silurian of Murchison). 

Inchalinf; {a) LUmdovc-ry or I’cnfnnn.'rus beds (A'alentian) ; {!>) Wenlock 
(Salopian) In^ds; and (d) Ludhm (Clunian) l>e<is 

N.H. - Abundance of Corals and Knerinites ; and the Tiilobites 
PJtacops cmidatiis ; Calynicnc Blnuuiihachii , J loiudlonotiis. Ad« 
vent of Vertebrates (Ganoid Fishes), Scttrpion.s and Insects. 

GraptoUtes, chiefly M<'ur}^ivpth< arui f\u:diiu>, still ahsmiuL thoiii>h rare in 
the Ludlow ln:ds where .tjaiu-id (edu hr.'>t oci'ur I tnuspi^ . I'li'Amius ; 
Ccpitalaspfs. Cor,'ds. » Im-th n4:ost‘, incuijse lo .So species (moruly in the 
Umestones) Cyathupiylluni tniinatum . (hKpInfua tuH'iuati : Aiftvulaaa : Ihiic- 
liits : . anti the I Itron c* r.d nafv-dc. lalcinihili ^ ( 'rinoids f • spv) — 

Aiinuuiiiito . CAUthoinnu' Staihshes ([boiusiif , f\(hrad^t'\ and coral- 
like Volv'i^eans increaM'. wldle Trdobitc's d< crease (1“ ? a? sp,) - - fVac'c/' ; 
Cahmmr . } loinal<'u<>tti- dflpunt) u'ph.iiu.^ jha< Inc-potls are \ery ;daindant and 
varied (126 sp ) ■ Attypa ul'cvl-.n havi fht i t. a : Hhv*tih riiiit irr/>c?? , SalicTi, 

ttai'C'uh : OuIia. a-oe lufta!,: . Slh'ph^ i;;: }uf ili-f . ru.yfl ’ ■ Spoifi)' 

pliiatrilus : / f .V/,'. and /' r - in Iktiubwcu , f\ in Wen- 

lot'k ; /’ KuL'AUi! in Linlh.w bed-. 

Idle (iasterepods Lit. Vi7//n//t.’< BiHt- r:J>’'V and the Ctpha- 

lop<His OffhoC’-fiti aanuian'ny bullaiuui. LuJen^', E'C , an- t s piL.’d It> the ticwcst 
l!)eil.s occur (at ivumnev. May lli’l. At ,}t\vi;,.,e; ot h'nd plants and the stipp<ised 


Atut'rica a snppoH’tl hu,;;c Alp^a, occurs in Silnriaii strai;i 

Products — ('1 hut little value- - flagstones, sandstones, iirr:e. 

Period 4 ~-Devoman and Old Bed Sandstoue. 

‘‘ The Age oi Ganoid Fishes and F^uryplerids/' 

The marine fauna (only 400 species described against 1,500 
Silurian species) is very widely spread, but in Britain is confined 
to the slates and limestones of the south-western counties.* 


(* • Mavine Devonian rooks acr ur l-.eju-ath I. .^wuion aoU K-t-flcw. ?in(i proba;l>ly CTttona from 
Soinrtjict uador tho Crtjtaceous ttniks ttt sou^waM fcajilard and IWtieivmi, i<> iIk' 

Snrkit* in the Avtlcnnc)^, Eifcl, And (.loUtnt? ULtritih, 
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Fishes (in the marl-slate and copper shale?) ; Labyrituhodonts- 
saurus : UpidoUsainm : and a true reptile (lizard) rtoUro^inurus. 

Products — Magnesian limestone and sandstones for building ; 
g} psum ; and in Germany also rock salt and copper. 


IL — The MRsoi'oic ok SrxoNDARY Periods. 

“ The Kra of Cycads, Saurians and Marsupials.’' 

Like the Tatwer atul Upper r*aIa;c/oit ?o the M<‘^ozoie ‘lerics contains three 
successive faunas. Hence three Periotls and Systems are distinguished, 

Of nearly h.ooo ra]a'i>/oic species kimun, ikmk*. or but a few Unvly forms, 
are found in newtir ro< ks, though m.inv genera still survive (sec p S p) 

Penod 7.— -Triassic ■ l Hunter, {b\ [Muschclkalk], (t) Keuper, 

X.H.-— The Lily Lnci inile; Labyrinthoclonis ; Ct raiiit'S ; Cycads, 

The small bivalve Crustacean muiuta. 

The Advent of Mammals - the marsupial M icrolt\Ktvs. 

In tltf K.istern Alps tlie marijie 'Friassic truina is Ik’st si't;n, rephaloj’k.xis 
being ( sj^ec icily jimnerous Amm<.>uiti\< an<l with 

and OriJu^nni: . ;md 'JnnitiuJ nni! Xtrnij.t ((hi^teropoils) with M uu and 

EHoniphiitu.< 

In ib(' marine shellv limesiunc or Muschclkalk i>} (h vtnain occurs /ouna a ^ 
iiliifvnuts, the stone lily . Wnibhis I'nli'tsuius , Citaittf 

In the lacusiiine beds p\ew Ked Marls and batidsf.one^ of Britain and 
Cerrnany occur - fliongh but rarel\ 

Plants- many IAmus. 7 V//owdoa aJuntniiyc, a true h* use-tail ; Vici'of hylluin : 
Z.o//.'h'S iintl other (')aads, the coniUns VAtLta hitcivf'hylh} . <UicrtU. 

l'i?>hcs-- teeth. Ac . of . i'i'tatiiixts , Iiyl,<<(in IL Ktuferx. 

Amphi! )ia La/'o > intlu,(i>>n . MtiStiHhn.uiun 4 s. 

Keplile.s - I'tlt lAji^iiii n>i ; h'hyHCfi^Hinrii.- ; I huvdc 


In the I\ha tic or IVnarth passage beds <K-r.urs a thin "l)on<*-bed 
with lislt scahis. Ua-th, and bunts, and with Saurian Ixua s and eof>roliteK 
(droppings) Above, this are shales often full of thf' J .amellibrant i) bivalves 
contorts; Caidium Rlsutnuf).' . lUihu Fa/x;/ '<//?./•. In the stu eroding 

White Lias are lintestone leands (<jaaily crammed wills shells of Osirttt 
JLiasska : Mcdwlj imnitnn ; y}<>nytir> (U'tU'-'aU, 

1‘his group t.d many thin strata so full <d remains of shallow-water life 
(1 25 sp.) points to a jxci(»d of slow elimaitc and geographical change, the 
depression of the arid Permian and Triassic cunt iueni with many salt lakcH, 
and the creeping over it of the open sea in v\hicb the j urassic series was 
deposited later. 

Productfs — Sandstones for building and paving ; gypsum for 
** Plaster of Paris ’ and alabaltter ; rock salt and brine for salt. 
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('cnoci 8.— Jurassic- mdudinfr Oblitic and Liassic. 

The A^l of C>cdds, Ammonites, and Reptiles/' 

Kemaikdbk foi the i^ieat vanet} and abundance of life, almost 
tveiy class of animals and plants being well represented m it. 
The nianne foims aic a gicat contiast to those of the Idlkmanne 
penod, the Carboniferous. Its fauna and flora have many ana- 
logies with those novi living in Aiistialia, where many Jurassic 
tjpes still survive maisupial mammals, Trt^onta, Cycads. 
Sub (ropir il plants I truh (I cio/iin^ Ghssoptins) 

E<pi»^< turns C ids rtet tplnllum ManUllut) 

(oiiihis {J'tjiiti', abounded uid in '» i irk shire have formed thin 

coals 01(1 j< t 

( oi il I liu tiiiiti/ri F/in miha) ind bncnnites (Pentaatnus) 

hrgtli l(4in in «n\ IiiikMoiks St i uirhins (Ctihm*; Jleniuidaft% 

i l\p(u ) ind 

lb u hiopi I (Jihlntitl T\J it h sw uim d n iKo 

()\st( rs // { t t if\nt ind illit d slu Ils Pdtiii Ptnna 

in lit i L n / urn or ( ocl I< i 

Tht nu t iTiKin,’ f( iMiH tin iikIh nt tbi ni iriiu bt ds is tht ahumHnet and 
jsft it \ UHt\ < I th< ilniniKK 1 lulls oi ( iplid ipods ( tmnuinti Nautilus) 
and th< cunds ( tbuiultt 1 »It ) f ifu diu I < iiltli fish liil iiin U uid 
ubicli s<i\< mill fl I In / ninti i s im > / »iu < Kbmnlvtd f>v t parti 
t id II [h I a ♦ I >>ni( « du ( ilK d 1 ui^< It t h is an dl 

I isfu tiKi dv mill e m u! uul shnl tioundttl iml Ktpolts Iwcvnie 

tMM idinmh li\il p( 1 I hi \ h imu< d tlu t !>> // In mu /ltsn*,tuiu 
fH saunt M < ri\(i (7 / i ind tlu i tr i h]i 1» | i fU \ thr lu^b the 
ill tin dr ij. I lik< tivni ! i/ ird or ItiKMiuixl wiidt olhtt >f (olos>il 
sidi niil n ni i i unudovti tlu laid /a, m ti u ( uit \ uru 

Mi <d fi ind 111 Xiiuru i C » in u \tlin tu ii sti p ()S) 

llust (It mill t nu d t lit « n u lu I tlu linn ol tli u 1 immoi 

t iwanl tht < lust i dt jtii 1 lluii nmidx s ml ilu \ au(\ >1 tlu n 

imnliiu ituui u <)intt <\tiuidmux N >t « nl\ ii ! tlu\ \ um in tlu st i 
ind mils l>mtlus}i j 1< tl tin 1 in I \ ith j n a t luil>j\ its lul dhdttu 
III with winctd lotins 1 lu v tl id n»(t 1 tlu i i Ivi it i il! I nuls of footl 
and dl toiulnims t lift uuli iiifliauiu tt ou mi/ttiinuliKh i tridv rt 
iiiarkahit i { nl t t i lou lu ) 

tlu I ailu '-i knuvM lul it n *tir\\) li ivin^ it j tih likt utth tads atui 
iiritliws tKtiii in tlu t pp< t Dtilut tt I aim 

M mini d lowii )i\ md tuth f sm ill in u uj ids ot t ur Imt at two 
honyons oidv m tlu stum lul I Sluts uul Purlutk ihds fwluth stt) 

Liassic iossds nSoo sp I include Gr\p>huii itunrvu Lima 
Ammointis (130 sp 1 Nautilus IhUniniLs (60 sp ) 
Stt pp 8, 9, for /OIKS matked b) vpttits ot Arnmonilts. 

l^tiitainnu Iti HI ft^uui \u I\h\tti/ tu'n ittul* am t>p t f ntJ]ah Un 
h riiii i\f;ntpft: t irdtn 1 tt-i th <»1 lislu 1 i i't }f\^ ultt*^ ind skek ton$ ol 
tht hiUJt -aa li ud Jik nobturu i imwiioi s / hsi sainu^ n uf la/lali^ 

In the paHs.iftt Ixtd Mid lord Siiuls or^Supra I lassu Santis including tlu 
Cephalojuula iud ortur'* hhyti funtUa ^rcpkalu .Irrimcffdii larmbilt^^ 
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Inferior Oolite (Bajocian) Wjth (htrea flnbelhide^, Tneonia • 
Tinhratulajimbrm, simplex, pltMia , Rh^nchomlla sptnosu, 
(Ohcvtnn Pholaaamva pduuln. Ech Chpius 


The /ones of Vu„h,^-,m^ Spu l\, Uamphit.ienn p^rkmwm 

(ai top) ilso Ikltmnttis sganteus usfata iml the Usst /Vmio- 

\0i,u, In \otkshir< ouui (in Ua)s shiUs m<l u.il) lind oltius 
in \ frtsh'\\ tUi shdh ^ 


Fuller’s Earth v\ith Ostna aiuwinata, Rliyrnhouillu ion 
tnnia. vanan^ Itnbuifula vniiihoicphnla 

Great Oolite Osina Soi (rh\t I niTouia (roldfu^^m 

tmpnssa Lima tanltifonius linbiatula (ii,^rofia, ma\ilint(i, 

fnthe stomshfld si ite thm litiUlcd hmisioms hlmtht ftMsiom in<l 
hint,cjstof (.hdttnliini (kuu Unlmimm'ik (iuti nuum 

Inn {( ilienutu Stut ithii ) iKo n)in^ upliles {hhjwMi pMialu | 
inu inset ts 


Forest Marble bill of onsUis, I ncnmlt . md t (u!,t lO laid 

In tlu Pi lU I 1 tliy t Will bilmi til I < it I n ni It il> inds < J/ 
in / t //M « ) il J n i III ii n 

Coinbrash, 1 uibbh Inmslonc with / nhnifida Ja^ntalis, 
AmuKaitiis disc ns Am Hit t\i ind m im J thin kIiiiu 

\ II Uu t 1 v( r < ) lilt 11 I r I 1 )v t III li I It 

/ I s 1 1 I i M It n s 1 } t I i ) » 1 1 < i 

{ iss u] fi rn til ! t I O lut t f I < n I i 1 

Oxford Clay \0\1 >idiit\) wuh (infl m dii t it t \mihtnun 

ind m C i pit ibipiuls Ammoniti ami h( unit 

im in j % i / m ti ni i \ t i \ 

> I f i »\ 1 I 1 ) u I ( > 1 I 

fft A ^ ^ 

Coial Rag Kinilbin lull ot ( )i ils / I (fail ( iplamiia 
Chniina tf i i ai u inii Ian muiit / unUu ^ 

lin 1 1 1 » fill III 1 t Hi 

1? // t i h t m f } i I 

Kiineridge Clay (k//* i </ //on/ / (mfh a vn jda 

!b<^< tu I N tt r ) 1 \h fie ft\ i f' > ) th h» ft \ 

h? lift ins ^ f l *t I « / l( \( T) 

< h it K ttn^lK 

* 

Portland Beds Liud am dn tmih C\fi}ta tuoosa 

Tti(roma Inna Vfiitn nn P* tiiandtcum [ -jtrcw i 

i he e a 1 1 other ni< Ihi c i ltd c irhntlf linu t ne ) inr l)y t mt rn il 
casts n i nun’cl (j -scndomoipb » in silu » hhtrti 

Am (,tk,jtftev ^ irihf! it r< -ss \r ^at it th ur i i tr i ( e ten Uffullosu^ 
haduvi 0 i coral ihid) 
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Fnrbeck Beds with terrestrial and fresh-water fossils, and 
Ostrca distorta forming the “ cinder-beds.’* 

ilants chif'flv in the ‘ M >irt-beds ” (old soil) Silicihed steru^ of Conifers 

PtnHib ; and of Cycads MmihllUi nul/iorvir , : also Chavii fruits. 

f!riistaceans- Valves of Cyf'Hi , CypriiUa. ; Cynna clo^^utu \ Cast,: 

the fresh- water snails Pldnorhih ; Physu ; Lnnnata ; PuluUinn carini/cni, 
forming I’urUjcl marble 

I'ish ■ Lcpidotiis , cr^KTodiles atid turtles; and 24 Hj:K‘cies of marsupial 
- - Phgidiiliix , 1 nam^rdon ; Styh^dov ; Spalacntheyinm. 

Products of Jurassic strata -Piirbeck and Forest marbles. 
Bath Of)Iitc anJ other freesttuies for building ; flagstones for 
roofing, paving ; ragstones for lime and road-metal : thin coals and 
jet; bituminous shales for fuel, oil, tar: clay ironstone (Cleve- 
land firel and iron-sands (Ncuthamplon sands i ; fuller's earth. 

Period 9.— Cretaceous. 

“The Age of Iguanodon, Mosasaurus, Hippurites.” 

'I'he mammals are unkmnvn ; birds occur, Unalivniis ('or Pela- 
) : sharks aliound, Ptychodus : Otodus : but the most 
striking vertebrate forms are huge land sauriana, I ^tianodon ; 
sea-li/ards. Ichthyosaurus ; sea-scrpenls, ^^<)s^!s^lHn^s (? 75 ft. 
long); and flying Picrodmiyls of great size. Among mollusca, 
BfiUnniites and llie Ammonitilian forms, ; Harniii s; 
Scaf'hitts ; iuryiliics : Uiuuliies: Crioceras : Ancylocems. are 
vers abiindant, but here die out. (.)f Lam, : II ippuritcs (forming 
thick linu‘.stoiu;s in S. imropc are confined tt> rocks of this 
Peri(>cl : hioccrtunus : Pretcu : Ostreu and lixiyyyra {Gryphera) 
are common ; as are Fchinoderms Auunchytes : Micrusicr, 

Tlu* Cower Cictruvous <»r N«v»C(>u;iati lile p>l j.Sv> -.p mostly land, fresh- 
w;iler. vu* ?>liallo\voH'a Jovins) nuu 1» re-emlde-. thui <*j the }nrris-.i«: -Cirpha- 
Itipods, SauriaiKs, Conifers rmd (.*\e;ii<:ls 

Tilt: ld'P^‘^' Cretaceous life, as seen in Jhiti.-.h strata, is markovlly ditlcrent, 
as the Cret:aret>us sea greatly e.\teiided its ana to tlu- north and vestas the 
period progru.-rsed atid Mtigland sank. Tlu.-i e.Oised ilu. iip]>er series tou'varr- 
iap iim tinhurnablv the lo\‘.er seti» j>r slill oiih r lK‘(k;, the Oohte, Lias, and 
even Trias ( ti this (Tetaceou-i (u.e.'ni, I'oraminiJera (of Ua) sp , 

Pct:ihii) acciirnulaied over We.sUTn lairope. luniing ir<‘ great huJlc f>! chalk ; 
coral i eels do not occur. The abundant sp<»nges, • i'entynuJitcs^ 

totnusl the nuclei of many flint iv»duu:s, or arfov*ied much of tint silica which 
collected round other be'dios, or replaced their lime, so fvn*ming dints (see 
p, 4-^, bands t>t nodules of which are s(.» characteristic of the rpper t,:haik. 

(a) Th.e fresh-water Wealdon strata, a vast delta deposit, contains abun- 
dant plant vv-n\;\'\m, Endogfniti' : EfinisiUiys Lyelln: Loa^fapien^ 
MaHtdii! . minute crustacean bivalves, C\prid/a , Cyrhftc : barn , ('itn) 
valtltmtf ; Cydns ; C\yena »ikdru. pimta : C.iast.. Paluddia ditvaauft: (lorming 
!>asse\ marble) , ITsh, Lcptd.'tus Litnielii ; and huge saurian reptiie^i. 
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(h) The marine Athertield clay shows the incoming of the stea, and the 
succeeding Lower Qreensimd is marine, with T^rrbratuh sW/tf ^ 
P^rna MuUctr, Gryphtra sinujia . S , Martini. 

Gault Corals, CydOvyaihus ; Crinoids, PeNiuittitns ; t'rahs, 
corystcs] ffirrccramm comtntncus, suPatus Pitiittula , Sui'uUt: Gast ., 

\atica ; Aporrhais , Tutrttf'lla : Ce]>h , Ain. irtteiritftus, Uittu.c. 

^plcnSkn:>, restrains: JHamiUs intcrnjtJius , lUhmmirs miniviks. 

Upper Greensand with Sponges Siphoma ; Jt'ua ; iWUn 

u.'pey, qui)tqnchCOKtatu$, quadnco^tatHi ^ and Hch , Duds’ma ; Salcnia. 

(ii Lower Chalk and Chalk Marl with coph , Srjpkdi-i jqudh\ ■. 

Turrilitcn ifstaftiS . .On Pnihoitut^en'is, vana/i> ; Lain , 

(/) Upper Middle Chalk with I .ch.. . InuudiU^'s ara/i/s . CaUntis 

iOiucHS\ Mh')\nt(t iot-<titi:utnuv: , cot-bovts . //a/as^,7 f-hinn^ , i-xphns-nimt 
fn<\t:i\nnu.i mydlcnki : /. Cuvu'n. lu ih<* hi^ln si Iteds jound 
at Gravesend and in Norfolk; orcurs BtUmmidht muitoHaia. 

Products — Chalk for lime, cement, whiting ; flint for walls, 
•oad-metal, china making: Kentish rag, 'rotternhoe stone, t-SLc., 
or building ; Coprolites for manure (see p. 22 ) ; iron pyrites. 


III. --THE C/ENOZOIC OR TERTIARY 1*ER101)S. 

“ The Era of Birds, Mammals and Dicotyledons,*' 

Noti' — A grt^t paUi ontologic.'Hl br<‘ak rn curs in lonnpc lj<‘tw<N*n tin? 
>C(;an lornUMi ( hallv ;ind the s!)aliow-\vai<*r (Vdltui vstuaiiiu' ursd Irt-sh water) 
I'ertiarv deposits, iliough niH<*nf(a rnit\ uf the siral.T is 1 ;im )s ;ippar(*nt ’i’hi.s 
jjreat change in fissils d^-notrs greatly changed c. indif ion-,, hut not }i».‘ces<iijril\ 
t vast, interval of mvie as w.as long Mipp(>sed In North ^lru‘lica, Syria, and 
Lgvpl, pn^sagr’ Uals budge i)ji;> gap Ihre all the gieat Saurian reptiles, 
tlie Vniinonitjlian tornis. the gnnera PtUmuitt , hwni .nnu'., fii\fhira, 
disappear, and in tlietr pla-. n^oine a great \nrii-tv of in’ti niar.supia! tornis 'd 
mammals, new genera of MoHu.scs. Marex .l/t7a>oa, ; Cspu/n. pyiula, 
Pieuivtu'tnd , W'luia, C'a«av 

Period 10. -Eocene, with Nniuntulltcs, Tnrriiriln , Picundonia, 
I’^ohiia, Comes, NauiUiis ; ttxth of Lanina , Oiodus. 

Cnrcharodan ; and .suh-tri>pical plants. 

{jj In the la>w'er Londhvn 'rmiari"\-» occair. in ihe marine ThaUet B6d&, 
Lam., Cyrrtnu Mrrnsit : Cd.nljum Ltyltni. in the e->t n.n'ine Vlfoolwich 
Beds, J.ain,, Oitrea Unaa/vtiU vanfia ; Cyuua tuiti .o- ran^, eovdatn Gast., 
Mdania luquiriata , Cif ithrum /unatuiu . I‘<ihui:nii UnUi . in the fresli water 
RdadiUig Beds aTo plam remains onl> 

{b) !n the rr<?irine London Cluy ocenra in the sandy Iva^^nitmu hed and 
the shore- for rntjd Oldhaven P&d, A pm r ha 5 St)^^>erfyi , CatJwm 
Layionr , iJUtupa planu tstony w'orrn-casesi; and in the clays ai>ove, 
especially at Shepja'v, occur pi an t -n - leaves aral frujtsi of Palms 
{.Vt/a.'/?hs). Screw- jhnes. Pines. Laurels. ; also borings lu fossil- 

wood b}' lertdo ] iwim,. .f\Wf'P(ea : Gast . 'iHriifdla Cef)ii., Snuhiun 
imperialis, icntrahs, MU-zac iAts&na} ; ?d.%o Kish (of bo sp 1 , the Seii-snake 
: Turtles; Crocodiles; and Birds, , Litiioynh. 
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(c) In the marine Bracklesham Beds Middle Bag^ediot Bede 

atf Ntmmulites UvigatHs ; Lam., Cardita flamcusta ; Chama squamnsa ; 
(iast., (Mhtum gifraftteum. In the Bournemouth Bede and 
BOVey Bede (f ) are a gre-al variety of plant leaves. 

{U} In the marine Barton Beds and Upper Bagehot Beds wcur 
many Gastero])od 5>hellB, Voluta athlcia, Inctdtrix \ C^hus : 0/ivu : 
Plairntoma. 

Products —Sands for mortar, j^lass-making ; lignite; pipe-clay. 

Period it/ — OligOCene (^> 1 * Upper Eocene and Lower Miocene.) 
The Fluviomaiine series of Hants and Isle of Wight. 

(d) Headon Beds, (/•) Bembridgo Bcd^;. Hamstead hr Hempstead) 
Heds, 

In the marine Middle Headon Jh'ds are (.'f»rnl.K, J^am.. Cytherra 

i}u ms\dld , Oa.st , Valuta sf*tni>sd : and in the L, Harnstead Beds. Cor- 
Imht veiknsf'^ aboun«l, forming*, “Corlxda Beds, ' 

In the other U'ds (brackish and iVenh-wateT ) are La)n . O^fnu rentilabnim : 
i'yii'nd fiaUhra, oborata, umislriata . V7Hi> Solamlr; •, (iast.. PaliuHna kata ; 
}Hano7-lni itns ] Luiniau hifigiuuta \ Melania : I'otamtdi-^ : aho land -shells, 
Helix : Cluustlia ; stems and seeds of Chara (l.w.), and land plants. 

Mammals of many greatly uilierinj^ jitmera. paruculariy ol (.Ingrid ales, occur, 
and espeeiaily in North ('.ermanv and i'rance (sosp, in lite f^ypsum of 
Montmartre, Baris. al<»ne), PaLeoikirihin , Anoplothtruim ; and the proba- 
ble ancesKa's of existinj.,^ ileer {X iphadouj, ho ;4 (I lyapotamtis), horse 
{/Iftfhitherium), and t hinoceros. 

Products- Sand for glass-making, pipe clay : I amber, gypsum]. 

N.H. -,l)iirtnK this and the next Period the Alps and Pyrenees rose into 
mountain chains, and volcanic eruptions on a sjrand serde tWAk place in 
Auvergne and Bohemia duriin; tl»t;ir upheasal . whiltr somewhat earlier still 
grander volcanoes were in eruption in Britain, Skye. Mull, ami Antrim. In 
Switzerland, the “ inolas.se ' series was dep osited, incliitling the Kigi con- 
glomerate (nngeltlne) t),ooo feet thick 

Period 12, “-Mioceiie. The Age of Dinotherium.*’ 

Miocene lake deposits cover large areas in Central France 
(Auvergne), vSwilxerland (the CHningen Beds so rich in fossils), 
Germany: and marine deposits extend from the Alps north to 
Main^j, east to the Carpathians. Rich Floras occur in Green- 
land and Spitsbergen. No deposits are known in Britain. 

Hugo IVoboHC-idean mamm.ils, and MusHuion, here occur; also"" 
tna; Apes, an Ass Ciirafie, and veiy abundfant insect life. 

In the Sewalik Hills of N. India occur elephanis (ot 0 sp.) i\fai<toiian ; 
Sivathef ium, a huge four horn^l antelope. 

Period i^.—PliOCeue, with the Crag deposits. 

The numbers after the names of the formations refer to the ajiproximate 
i>ercetaagf* of the molluscan spcclbs still living 



(<^) Coralline ClU|f (^4^ with coraMike Polyjroans (of 140 sp.)* 
Eschara ; Fascicularia ; Brach., Teri^bratnJn gmudh* 

Lam,, Astarie Omalii: CaniitJ : IWUn ufcnnljn}. : Oast., VolHhi 

Lambcvti ; Mam., whales, Bahvna ; Balifnodou , Derivtrd forms, chiefly 
in tlie Coprolite .Betls. shai'ks and rays, Carihtir<‘d{'K ; Oiodui ^ ; Hum 
antiqua. 

The Lenham l^Jecls cappiiif.; the Xorth Downs, and the St. Hrth Beck of 
Cornwall, are of this or the succeeding Kcs:! Crag age. 

(i>) Red Crag (90) with the reversed whelk Tvophou (iHfiqnus 
(Fusiis lontraruts). Purpura feira^^oua. Card i uni cduU. 

Of the White Crag species r.p:> livj^d also into the I<e,d Oag age, and mroiy 
Red Crag Ujssils arc* derived from tlie debris ol \Vljitt; Crag and 
London Clay by their denudation. 

Lam., Astitrie ohlu/maii ; I\\iuncu!us : MiHtm avjh ^ ; (iast.. Saina : 

SiLiltif'iti, and various whelks, liuuinum ; Fusm : irtiaiui. 

In the Coprolite Beds are hones and teeth of MiisUAon. whales, sharks and 
rays, with phosphatic nodules; the whole now often ground for rnaimre- 

) Norwich Crag (94) with Mastodon arvcrunisis : Lam., 
Astarie borealis : FJucula cobboldiit : iht* cotnmon cockle, 
Cardinal eduU\ t 

The terms " hduviomarine Crag” and *' M;unmaliferoii,>-> t’rrtg " well 
<iescrib<; this deposit ; the mammals mclude Elephants (r), Mastodott, 
Horse, Hij^K^potamus. 

Forest Bed Cromer, with an extensive Mora and mam- 
malian Fauna.-- Klephants, Rhinoceros R. < iruscuss Horse. 

The pl.'iHts are jiK?stly of existing Jfntish species — waterdily. nnd other 
water plant'v sloe, elm, oak, l^ee.ch, fir, y<*n, rush The trees h.ive 
been drifted and settled as “ simgs ” in rivers T he mrtriimal.i include 
HliphsiS antujuus aiul F meridurnahs^ and many fojins of de«;r (Cltrrm 
Si'd^xn'ti'hii), also a lH*aver. Trotioniftauum, all novs e.xtinct. as wtrll as 
Cirvui^ ehifbus and many sm.aller mammals of .specie.*, still living 


THE (^)UATKHNAKY OR POST-TERTIARY PERIODS. 
“ The Era of the Irish Elk, Mammoth, and Man.’' 

The gnnternary depv>sits are of all kinds marine, estuatine. fluviatilt, 
lacustrine, gdacial, suba-eriai, and terrestnal. 'rin y cover large ateas 
in liritain aiid rest indifierenily «)n all <dder rocks. 'I'hey are. hence 
termed Superficial c^r Drift dep(»sits The older ones are mostly d«« 
to attritu^ti and often carriage by ice ((facial), and c<msistof uiuiiratihed 
Boulder clay, contorted gravels and sands (i>p. 4 3;. Derived (osnils 
are of course common, especially stout forrn.s like JuUmuik:*, <iryfh<i:a. 

Plateau or ‘'Cannon-shot ” gravel is mostly of Lpixrr Cdacial age, as is 
much of the Diluvial or Torrential deposits ( new >d gravels) frnmd at 
higher levels in the Thames and othr-r valleys ; while the lowdtnel 
gravels and alluvial deposits are post-glacial and mostly recent, as are 
most stjilb, river-fiats, bhingk-h^jaches tsee p, 5), 
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Period i4.-*~PleistOCen6, with the Glacial deposits. 

“ The of Ice*sheets» Great Glaciers, and Icebergs/* 

'i'hifj period is by iminy authors tnade to ini hide all Recent deposits, as no 
rJ'vir lino of separation can be <lra\vn. authors ^roup all the dojK«its, 

from Miocene to Recent inclusive, into a single system, the Icenian. 

The mollusca are all of still living species, but of the 
mammals many are extinct, and others now live only in distant 
and widely remote parts of the earth ; arctic, temperate and 
tropical forms being mingled. Their remains occur with rough 
dint implements of Rarly Prehistoric or Palieolithic man — “ river- 
drift and cave man/’ 

These nmminaR iucludo the hniry Mammoth Eh’f Jun pntmgnuus, als<') B- 
autiquuk ; the w'oolly Rhinoceros R. thhorhinm , ; fi ipf'opotjmu ^ : Hycena, 
l.yHN, Cave Lion, (.'avt; Rear, Hoar. Bistm, J^eavtu*. Musk 0\, Reindeer, 
and the longhorn Door or Iri^h Elk Ct'rrns inci^acfro.s 

In N, Ameri<'a occur most of the above, also a. Mastoilon, A/, Olihticus. 

In S Autcrica occur gigantic progenitors oi living species now peculiar to it, 
tlu! huge ground sloth A/rgut//r>7//«i ; Mi^:ah»yx \ M\hHloH\ and the giant 
arruadiilo, Cilvptni/on. 

In Australia oi.cur gigantic kangaroos, Dtp}^’todon, rmd wombats 

In Uritish glacial <!eposit> occur Lam. L'a/Vi : Ci>y>>i.niit {(aav)f(i) 

(f.w.) tiow cNtiia t here. al.H» f\<tin , Cypri*ia 

i^andhit . (m/iittLi, IcifurohUa , Tflinut lijUhuj, !atn , A ' l.irii’ boruh's , 

and (last , 1 Hvriitild tachJ . WitUa (LiU\i . all noiv nearly confined to 
northern s<ms 

Period 15. Receut Pater ih'ehistoric and Historic. 

“ The Ages of Iron, of Pron/e, and of ihtlishcd Stone Imple- 
ments/’ 

The Recent h^irmutions are those acciimulaled since the 
establishment of the present gcncial arrangement of land and 
sea, the present distribution of climate, and of the existing lloras 
and faunas, and are marked bv the occurrence of Neolithic and 
later works of man — weapons, ornaments, tools, toml)s, dwel- 
lings, together with his bones : also licaps of kitchen refuse or 
shell-mounds (the Danish Kjoken vnoddingb and of charred wmod ; 
and the remains of domestic animals. 


Ran<.i in Timk of Chief Fossh .s. 

See alst'j p it„ pp. and Si'vcial Nt'lc!? on Trilobites, Brachiopod.s, 

^ephalopixis, pp. (m), 70. 

All the classes of Ca-yptogamic or Flowerless Plants range from I’aljfWixoic: 
to fAresent, but atiaimM their maximum in size ami numN?rji in the 
( arlxiuitcrous. All Ere- Tertiary Alga and ITingi arc doubitul 



83 


Conifers range from Devonian, and Cycads fron) j’ermian to Present. 

Monocotyledons have not as yet recognised i/tiaintx in pre* 

Jurassic strata. 1 a supposed Aroid ironi tla- C'oal nuMsnrcs, 
IS now set down as a Si;iilhi}ta : and viirious leaves oi the sanu' age 
termed are of tot> a nature.; Ca</ruO{,4 

from Inf. <Jolite, the trait of a I'andanaceous tret?, is the eaiiic.st knovsn, 

Dicotyledt,«ts range from C <;retacet>as strata at Aachen, also iti Cireenland 
and Dakota; but in IJriiain from the Keutling ]k‘ds (l.ovvor 

All the claJcscs c)l Invertebrate Animals, whose remains can lx? ]^rcserved in 
recognisable forms, range from (‘nJeeo^joit' to f 'resent, ihtmglt many 
sub-divisions of the classes (families t.T ordtus) did not survive Pala'O- 
zoic tinjes. (Seep. it)). 

0 ( Vertebrates, three classes date back from l*;.dus.>z.oic and two from 
Mesozoic, all still (*.\isting. 

Of Fishes, Ganoids .and b'.lasmobranch.s date from Silurian (L laidhAv) 
J'itrusfi.'i ■, and Te]e«*stean or lM)ny fishes, with certainly tnun the 
Cretaceous only : the spiiiy-himed linyx still «.* .listing, 

Of Amphibians, the Fabvrinihodonts «lale from tlie t^arbonifeious .h.vn'^st 
sn//vcs, either forms, r . frogs, salamanders, from the Miocene 

Keptiles date tia>m the lizard-like oj I’ermian age. 

Birds <laie from the 1 ,'. Oolitic . fn/n/v/’/erv-t , and in Drii.un tlie /iwa/s //n>‘ of 
( 'retaceons age. Supp<\st:il id<»tprmis occur in Saudstmn,'. (.'onn I tiassic 

Of Manirnals, mai'nipial iorms tlate lr<un the 'Triassic iV/zc/v/j sn-. ; i ntyUhion 
(of S, Africa) and JJwHiJthenum (ol N Carolina,) , but imdi.mbted 
non-marsuj.)ial forms <1./ not txcur betoiv h‘ocene times. l\titrr:Jicnuiu , 

'I'iie following iinporlant genera aie distributed in limethii.s. 1 , 1 ’ala.ozoic , 
II., Mt:.sozoic : ill., (..'ario/tuc 

CoNFiNKi) 70 I. .\il the ger.era (»f (.iraptobte-., Jv’ugose C<'rab., < ') stuid and 
Dlastoid b'diitividenns, ( 'ne.t. , (p oo). 'dso f'.unfii ; i/.v a.nd I ; 

Jlrach (p. 70 andt .i/cv/a, (-b/»''e P. r// .s/'jo/ou, .S/r^». 

, i.ain., ('ten^uinuta (jO sp.) from 'rrem.'nirH u< Coal A 1 , i'aUit'ai'Ctt 
'f'remadoc. to lauDow , (iasi , A.vc w/'/ee’.v'. and .i/jov/n v/o./ fiom }., Silurian. 
Hellcfiy'hcn from < .ambrian . t't^pli., Ci/'o/oifO fr<im lb Cambriai;, t,i,ae(rU74 ■■ 
from I.ievonian ; the last hvt* ranging lep into the Alpine J n;.,-., but in liritain 
inti) t.'arbonilerou.^ only, 

In i AND 11. La.bvriniltoilont uitndv , but no genera, 

Ik I , Jl. AND ill Still living --- Jir.u h , Lui^uLi from c^nib h'hyitJtundUt 
ln>m V Sil . ‘I'ti rhuilnlu from f’ev , Cam tinjhi, from Dev , J>raand 

Ancuij from D. sil,, Myitho (rnu.^isel!, -Viec/a tiom iVun, (or SiJuriaui (lasr., 
Idau'otvmaria (i.psDsp.l iroin Sil,, I'Unxj Iroin ]., S\].. J jkllu 

from Curb , (a-pii , Suntih^-" irum Silurian (in Jintain. from Devonian). 

CoNFiNKD 77,1 11 J’rom 'riia'.totrhalf . Iwau/i.e/ev, f 'e o^odMMc., 

hlltkyo:.^ituni> , AiHuius, Ifyl<'i(u> (hsh; I rom laa-^ to CdialK. ■ /' 7 rrei 4 ^i 7 v/s 
Ncrinffa, Gnpht/j, In (.'nnaccous (uily, Mui^uj-iUs, liiff'ntdis, 

RiidioiAts ; also I^mtnoihn, ILimAtS, t?"t (})- 70). 

Is II. Asn 111 . - From I'rias to Pres^-nt, -- Ecii., Ciduri^-y i\nUcnnn^ , J,am , 
Caniium, Cardhua, CardttJ, Lima, ChtiCit, Vmo , tj»ust.. lu^rUelUt, 1 'D.h, 
Ceraiodm, Frcnn Idas to 1 'rew.mt -l^ani., I nf’i'ftht , I'iuuud^miui, AdatU, 
(b'lst.. Centhium I rom I'urbeck (fresh -water j, Cs /xs, Cyrenj Ga.st , Paludnui, 
From Neocomian. Futuncnlu :, , tira.>t.,A/'orHhUi l*rom Clialk.iioy,^ {fiJishJI. 

CoNKi.sL’i) TO III . but now extinct - in Fovenetudy, Among 

Mammals, the huge k)rms Dm'Akirium, Mast^iku, Mauinioth , S/i athtuum. Irish 
HJk, &c , as well as many .sj>ccies which were probably the ancusttjrs of the 
existing EiUheriau Mammalia. 



ADDITIONAL NOTE ON MINERALS. 

Macroscopic characters readily observed. 

Qnuyisf ; scratches steel and t>lass ; no cleavage ; crystals fvsided, 

Chitktdi>nv sitxiilar, but not in crystals, and often ])anded, as in Aj^aU. 

FeUp^n scarcely scratch glass and not steel ; distinct cleavage-faps giving a 
stepdike structure, opaque, shining white or pale red ; crystals brickdike. 
Mkn cleaves readily into smooth very elastic tlake.s; of any colour. — H. 

Talc, white or green, opaque ; very soft, H. r ; feels greasy ; cleaves well. 
Fvench Chalk, SoapAnne are similar, being massive form? of Talc. 

Snpmtiui feels greasy ; takes good poiisli . stained dark red and green- 
Sdcniu transparent ; soft, H. 2 , easily cleaves into dexihle inelastic flakes. 
Gypsum transluceni ; tihrous or granular ; ea.sily cut, H. 2 
Ht>n(bli'ndf and Ait^ktt blaiT (greenish) ; heavy , ( leaves ; tdten corroded, , 
Schofl black ; striated : cunchoidal fracture ; not scraK-bed bv steel. 

CVrk ih’ easily scratched by steel, (dfervesces freely with acid; more or less 
transparent ; strongly doubly refractive; crystal faces mostly rhombs. 

1 dolomite h,(ss soft : eflervesces^ slowly unless in jiowder or the acitl Ik; warm. 
Halite (Hvik Salt) n\ salt; easily cut byakniUr, if. often iron-stained. 

Kaolin soft, jilaslic if wel, earthy odour when Im.-nthtki on, 

Gtnphite i^.oh ; shining black ; greasy feel; gives a blat.k streak on p-'iper. 
Magnetite htvn'y ; black ; attracted by magnet . gixes a black streak, 

Ifipmatik heavy ; rod to black ; givi's a blood red jiowder and striiak, 

Limouite brown, yellow black; gives a brown or yellow p()W'der and streak, 
Iron /yrr/fis very hard and heavy ; biMs.sy bistro ; in cubes or rounded nodules. 
Copper kyrite^ ran Ik* cut by knife ; redder than la.st ; far rarer, 

Cale/iu very heavy; U;ad-Uke Ui.stre ; very brittle; cleaves easily. 

Microscoimc characters of thin sections viewed by trans- 
mitted lij^ht with low-power objective. 

,1, — Opa<|He, and hem e seen - Magnetite, Haan.uite, Limonite, Fyritc, 
7'itanoferrito (all compounds of Iron). 

n.- Coloured Felspars when stained by iron, gme teJ or enw/a (Musco- 
vite, PfiiMt vi'lhiA : Ibotite, .\ugite, nortibl(-'i'.v,hi, or inoan, 

SeqKintine, in patches and streaks; (hunei, pale pink, in rounded 
forms. 

lu -Diohroic; -Use imlariser only, which nitatc I'he hdlowing change 
their tint "Ihotite, Hornblende, Tourmaline, strnni^ly : Augitc. tTdorite, 
Muscovite. Sfq 3 entinc,/a/<///r 

IV. -Polarising in colours Use .analyser atid polarizer, rotate latter. The 
fullowing. when umh-'ctuuposrd. show changing, often vivid cohnirs— 
Quartz, Hornblende. Augtte. Olivine. Nepheliue, Natrolito, Felspars 
(Orthoclase shows simple twinning, riagioclasc* repeated twinning, and 
consu(j[uenily narrow bands of c(ih.»ur) . in fainter tint^ -Muscovite. 

V. — Isotropic— Cross analyser and )K>l;iriser so as to get a dark held, then 

rotate the stage with rock section The following rertjain dark, since 
thev are not double refractive (and they do not poian.se) Glassy matter, 
crystals of the Fnbic System, r.g., (»arneis. Nosean , and crystals of the 
Tetragonal and Hexrtgonal systems when cut at right angles i<i their 
vertiod axis. 


END. 
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SUBJECT XII.— GEOLOGY. 

« 

FiBax Sta^gk ok Elkmkntart Colp. 3E, 

A. — :^r«liinloar|r Subjeot#. 

a. Basis OF Geology. — Definition of Geology, lu objects. Waste 
of land now brought about by mechanical causes, — wind, rain, running 
water, frost, snow, glaciers, and the sea. Origin of boulders, rounded 
pebbles, grains of sand, and mud. Detritus carried in ni^hani<»l &us* 
pension in rivers. The cementing substances that bind together 
incoherent rock-forming materials. Deposition of strata now going on 
in seas, estuaries, and lakes, from sediments formed mcchaaically. Other 
strata formed in pert or entirely of organic remains. Proof that 
stratified rocks generally were fonned T»y deposition from water, as above. 
7'hat strata hav'e been successively deposited and are of various ajfes, 
'Phat strata of different ages arc characterised hy special fossils, j'he 
principal tests of the relative ages of stratified rocks. Definition of the 
term igneous or erupti\'e as applied to rocks. 

A. Common Geological terms. — De/lnitkm of*' Oust of the Earth,’* 
clay, shale, marl, marl-slate, sand, sandstone, conglommtc, breccia, 
limestone, lava, volcanic ashes ; stratum or bed; a fonuation, group ol 
formations. Recent, Catnojioic (I'ertiary), Mesozoic (StM^tmdary), and 
Palieozoic formations. Outcrop, dip, strike. Horizontal, incUned, ver- 
tical strata. Anticlinal and synclinal curves, ('untorted und inverted 
strata. Basin. Conformable and uncon fonnahle stratification. Dia* 
gonal or cross-stratification. Overlap, Joint, Pissik* or flaggy struc- 
ture, lamination, foliation, cleavage. I'ault, lode, vein, dyke. Hade. 
Ripple-marks, rain-pittings, sun-cracks, and their indications. 

c. Composition of principal bocks and the co.mmox iroce» 
FOKMING MINERALS. — ^Mincruls that form Granites. Sjrenitcs. Diorites 
(Greenstones), Dtderites (Basalts), Volcanic Asiies I/i ufis), <&c., 8ep- 
pentine ; Gneiss and mica-schist. IdmcstoneR, Dolmnite* and Calcareous 
Tufa; Clays, Shales, Slates, Sandstones, Gritsi, IrouHtone, Flint, Chert, 
See.; Coal' what originally formed from. Colouring matter of rocks. 
Formation and mode of occurrence of «oduIe>s an<l nodular concretiouH. 
Characters of the more important igneous, aqueous, and metamorphic 
rocks. 

d. Disintegbation a no Solution. — i )bintcgration and solution 
of minerals comfx^sing rocks; origin of soils. Springs rnineral and 
springs thermal, and substances in chemical solution in rivers, lakes, 
and me sea. 

e. Snow ano Ice.— How glaciers arc fonned. Movement of glaciers 
and transport of matter on their surfaces. Moraines. R<ichcs snou* 
fconn^. Perched i blocks. Boolder-cloy, and other glacial deposTts. 
F^on of rocks over which glaciers flow. Icebergs, whence derived. 
Transport of matter from cold wTormer latitudes by icebergs, 

/. Rjvbes.— C utting out of \Ti31ejs, and cafions, by rivers. Terraces 
Transport of material seaward, and formation of Deltas and bars. 
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SUB. XII. — GBOLOOY. 


g . Makine Denudation, Tbanspobt ano Consolidation op 
Matebial and Fossilization, — Waste of eea-coa«ts by breakers sDd 
by help of landslips. Rounding of pebbles and grains of sand on 
shores by the action of wind, directly on land — indirectly in water, and 
in Btreanis. Fonnation cjf 8hi«gk*beaches and of Sand-dunes, 1^6 
elfw^t i>f h>ng-f!<mtiuncd injifine deinulaiion on land ; formation of bays 
and head-lands, &c. l>istribution of sediments derived from land over 
sea^bottoms, forming imnlem marine strata. Consolidation of strata 
by }»resBure, cdiernical changes, the introduction of cementing matter, 
and by heat. I’ossil.s. Preservation of bhells, &c. in (mariiM, lacus- 
trine, and estuarine) deposits, in caverns, and in alluvium, and in and 
under peat, blown sand, shell-mounds, and volcanic ashes. Fossil casts. 
Modes of fossilizatiun. 

h , IxTidttxAL Hka‘J‘, Volcanos, EARTHauAKKS and othkk 
Movembn^ch of the Earth’s Crust. — Ev idence of the gradutd sink- 
ing and rising of the sea-bottom. Oiral Reefs : — Fringing-reefs, barrier- 
reefs, atolls. Volcanos and their connexion with some areas of upheaval 
of land above the sea, llaiaed Beaches. The structure of Volcanos. 
Earfch<|uakes, General structure of mountain chains. The evidence of 
tile evistence of so-called central heat in the earth. Probable thickness of 
the Earth’s crust. Change of sedimentary strata — such us shale and slate, 
sandstone, Hinestone, &c., into mica-schist, gneiss, quartzite, crystalline 
limestone, &c. (mctuniorphism). 


H.-^Classlfleation of iknioml and Vegetable Xilfe. 

». A rudimentary acquaintance witii the meaning of the naiues of 
the <;la«.ses and oitoEu.*^ ot the animal and vegetable kingdoms ; 
more especially of those forms of life which are found as fossils. 


C. — PfUeeexoie Series. 

Succession of Strata, Igneous Hocks, &e. ! as developed in Britain), 
noting the more impoit^uit economic products : — Coal, ironstone, nwd 
ores of other metals, salt, building -stone, slates, &c 

h. Oldest known strata or the Archaean or Pre-C'auibrian rocks. 
’J'heir metiunorphic oharucter. Oldest known fossil. 

/. Camurian AND Silurian. — Their main sub-divisions, and their 
more characteristic groups uf fossils: — Grajil elites, Trilobites ; relativ’C 
abundance of Brachiopoda. First appearance of fish, and of land-plants. 

m. Old Red Sandstone and Devonian. — Differences between 
them, and the* areas in which each occurs. Supposed fresh-water 
character of the Old lied Sandstone ; its cliaracteristic fossils. 

«. C A RBOKir EHOUs, — llic ordinaTv succession of these strata in Wales 
and the South-west of England. The corals, shells, and fitth-remams 
found in the Carboniferous Limestone, and other beds. The succession 
of strata sections found in the Coal-measures. The Umierclay generally 
l>elow' bells of coal. Formation of coal. How there came to be many 
l^ds of coal in one coalfield with beds of shale, ironstone, and sandstone 
between. 

o. Permian. — Order of succession iit^England, and the proofs of un- 
conformity on the Carboniferous strata. The cliief fossOa of the I ‘ 



Xn,~0E010GT^ 
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l>r-^-ai 0 sox 0 i« or SooondoiT Sorloo* 

p. Njsiw Rkd Sandstone on Teias. — B ritish division*; 1st. New 
Red Sxindstone (BukUt^ ; 2nd. New Red Marl (Keuper). Ur^confonuity 
on Permian and older rocks. Great ohanj^es of life in passing from 
Palaeozoic to Mesozoic times. Origin of Uoek Salt by evaporation of suit 
water. Gypsum of Red Marl. 

q . Pknarth or Rhastic Beds, — 

r. LrAR AND Oolites, — (Jurassic.) The name* of the chief formation*. 
General cnaractez^ of the rocks. Great dcA'clopment of life of these periods. 
Leading marine fossils of the Lia.?, and land-plants and Insects. Com- 
mon genera of Brachiopoda and Conchifera, Gasteropoda, Cephalopoda, 
Echinodermata, Fish, and Reptiles. Leading fossils of the Oolite* as 
above, and also Mammalia, Proofs of land in the neighbourhood of 
the British Liassic, and Oolitic seas. 

s. PuRBECK AND Wralden. — 'flicir esiiisrinc and freshwater 
characters, and proof* of these from the fossil.*. Generic mimes of 
leading fossil*. ProoiN of the existence of a neighbouring large 
continent. 

t. Cketaceot;* Series. — British divisions, 1 .ower iirui Upper.ond their 
subdivisions. The nature of the strata and general grouping of fo.ssil* (as 
in r above). Differences when com])arefl with Oolitic genera and species. 


WL — Calnosoto or Tertiary Series. 

«. Kocene or Lower 'PEnTiARV. — Meaning of the term.* Koccne, 
Oligocene, Mioct'oe, and Pliocene. Areas occupied by the Kngli^li hoceur 
strata, and their divisuma. 'I’bcir lossilh— 'freshwater, estuarine, and 
marine. Fluvio-marinc xeries of the l_^j»per iiioeene tor Oligocene) of the 
Hampshire Basin, Plant beds of Bovey-'lVacey, Bournemouth, Aluiu 
Bay, MuUj,&c. (some of these for»m*rly clRvSsed as Miocene). Reinnin* 
of insecfts, mammals, reptiles, molluscs, Ac. 

r. Pliocene, Chao, &c. — Divisions of the Briti.sh Crag, characters, 
and fossils, marine and terrestrial. Kconomic products.^ ProjK>rl;i<ms of 
recent sjweies iit the different members of the Crag. 'Phe Forest .Bed 
beneath tlie Boulder Clay, and its Flora, terrestrial Fauna, »ml slieils. 

tr. Glacial Fedch, and Strata laieu than the Chao. — The 
glaciers of the Glacial Perioti. The origin and nature of tiie Boulder 
Clays. Other proof* of a cold climate, and the marine and terrestrial 
Fauna of the; period. 

ar. PoftT-PLiocENK, Post-Tehtjara% and Recent, — ^^A lhmum, 
Peat, and f»lher depo^^its now forming. Raised Bearbes. Submerged 
or Submarine Forests. River Terraces* Bone Ckives and their content*^ 
&c. 


Second Stage oh Advanced Course. 

m 

A. u — fr**-*T Bu1>i0Ota or Frlnoliilea* 

L All contained in « of the elementarj' stage. 

2 All contained in 6. . , . 

3 All contained in c. The chemical com position and crystaU<^yraj>hic 
form* of the different specie* rcE;k.fonning minml# included in 
the Felapar group, the Ampbibok group, the PyroAene group, and the 
Mica group. Garnet^ Tourmaloae (Schorl), Apatite, Kpidote, Chlorite. 
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stm. xn. — dEOLoar. 


Fmtes^ Titaniferous and Magnetic iron. Quarts and otiier varieties 
of silica; Caloite, Zeolites, &c. The different varieties of Coal. Mode 
of ocotirrcnce of the jjrincipal ores. Principal varieties of rocks, sedi- 
mentary, eruptive, and mctamorphic. Their mode of occurrence, 
mineral com position, and u»icroscopic structure. Their industrial ap- 
plications. Nature of metttmorx)hism. 

4 , Chemical disinteghation. — Chemical disintegration of rocks on 
a large scale ; action of water charged with carbonic acid upon liinestones. 
Weathering of granite rocks, and formation of kaolin. Origin pf mineral 
and thermal springs, and of the substances in solution in them and in 
rivers, seas, and other waters. Cementation of incoherent rock-forming 
matter. Remains of testacea and other marine and fireah-water animals, 
whence derived, and how strata are formed of these. 

r>. Effects of Snow and Ice. — Glaciers, and how they are formed. 
Change of snow into solid ice. Stratification and veined structure of 
ice. Inclinations of beds and surfaces of glaciers. Why glaciers fiow. 
Rates of progress. Crevasses, Moraines— lateral, medial, terminal, 
and how they are formed. Work done by glaciers. Erosion of rocks 
under glaciers and its results. Flow of water from lower ends of glaciers. 
Destruction of terminal moraines, and cirournsttinces that induce their 
occasional preservation. Oscillation of size of glaciers. Deepening 
of valleys. Signs left by glaciers that have disappeared. Icebergs of 
Arctic and Antarctic region.? and of South America ; how formed. 
Ocean currents. Transj»ort of matter by icebergs, and its distribution 
over existing sea-bottoms, 'Fransport of detritus by coast-ice and river- 
ice. 


SVDAEKTAL, AbRIAL, AND i^i^OLIAN RoCKS. 

r>. Rain, Springs, and LANusLipf?. — .\ction of wind and running 
water. I.dindslip8 in mountainous and hilly regions, and landslips on 
sea-coasts. Their eflect in bringing matter within the influence of 
running water and of the sea. 

7. Rivers. — Erosive and transporting po%ver of brooks and rivers. 
Their influence in forming gorges and valleys. Origin of waterfrils. 
Amutiut of matter carried seaward by great rivers such as the Nile, the 
Ganges, the Mississippi, &c. The mode of formation and gradual 
growth of Deltas ana their possible age. Filling up of lakes by sedi- 
ments. General effects on the form of the ground ami lowering of level 
of continental and smaller areas by combined effects of chemical dis- 
int-egration, and mechanical disintegration by rain, rivers, frost, snow, 
and glacier-ice. 

8. Marine denudation. — Waste of sea-coasts by breakers and land- 
slips. Formation of pebbles and sand on sea-coasts. Power 
of breakers in moring sand and shingle, and laige blocks of stone. 
Effect of prevalent udnds on u-aste and transport of material along 
shores. Silting up of estuaries. Effect of groynes and other artificial 
obstructions on coasts. Warping of idluvial tidal flats. Forms of sea 
cliffs, and origin of many bays and headlands. Comparison of sea-cliffs 
with escar}»njent8. Origin of great plains of marine denudation by 
combined action of briers and landslips ; and general lowering by 
waste of the interior of countries. Suhs^^uent upheaval of such pkins 
and renewed scooping out of valleys. Origin of certain table-lamds and 
their valleys. Origin of caflons. 

9. Distribution of Matbriax. in Sra, &c. forming Modern 
SriiATA^-^Transport of matter by great mi^ne currents, passing mouths 



stTB. xiu — asoiioar* 
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oftiveri and along €oa^. IVanspoitingpowmoftidaleurrenU. Sorting 
action of tha sea in arranging sediments sdong its bcyttom* loebem 
(see d)* Modem formation above causes of beds of clay» sand. gravd« 
and boulder beds, and mixtures of these. Deep-sea deposits of modern 
seas i and wide distribution of deep-sea forms of life with locahaation of 
littoral forms; importance of this distinction in Geology, Volcanic 
Ashes falling in sea and lakes. General formation of lacustrine strata. 
Formation cn beds of limestone by organic bodies in seas, lakes, and 
lagoons. Coral Reefs (see 11). Salts carried in solution by rivers into 
lakes ; ev^oration of such solutions^ concentration and precipitation. 
Origin of Hock Salt, &c, 

10. Fossilization ANii Consolidation or Sthata. — Shells and 
other marine organic remains buried in sediments. Also Terrestrial Plants. 
W orm^burrows. Terrestrial animals. Organic remains in lakes and river- 
deltas, in alluvial beds and brickearths ; in and under peat, under 
blown sand, and in volcanic ashes and under lavas. Formation of 
sediments by foraminifera, &c, in deep seas. Modes of distinguishing 
rocks formed in estuaries, deltas, and seas. Consolidation of strata 
by pressure, infiltrations, and precipitations, chemical decomposition 
and recomposition, and by heat. 

11. Subtkkranean Hkat, Volcanos, FlauTuauAKSK and 
OTHEB Movements ot' the Eartu^h Crust. — Theorj'of Coral ReefSs. 
Fringing Reefs, Barrier Reefs, Atolls, and proofs of gradual subsidence 
of the sea bottom. Recent views on this subject. Connexion of coral 
reefs with the volcanic islands of the Pacific Ocean and areas of partial 
upheaval. Upheaval of the west coast of South America. Oscillations 
or level on the coast of the Baltic, Greenland, &c. Raised beaches. 

Theories of central heat how inferred. Radiation of heat from the 
Earth, consolidation, and theory of the formation and shrinkage of its 
crust. Thickness of the Earth^s crust. External phenomena of Vol- 
canos, and theories of volcanic action. Ages of the various volcanic 
rocks in the British Islands. Eartluj|uakes. Oscillations of level accom- 
panying earthouakes. 

Metamorpbism of rocks. Inffuencc of heated water in producing 
nietamorphrsm. Theory of slaty cleaiTige ; passage of shales, clayslate, 
sandstone, limestone, and their intermediate gradations into mica- 
schist, chlorite-schist, various kinds of gneissic rocks, ^anulite, 
quartzite, crystalline limestones, &c, Specim development of distinct 
inincsrals in rock-masses, Relarion of the above to gradual subsidence 
of rock-masses and accumulation of strata above them. Metanior- 
pliism of Igneous Rocks, and the Bup]K>sed conversion of such rooks 
mto schists, gneiss, &c., by heat, jjressure, earth-movements, &c. Origin 
of mountain chains. Disturbance and contortion of strata in successive 
stages, and probable causes of these phenomena. Relative ages of 
mountain chains. 


€?lasaiaeattoii of AntaiaJ msSI iTagatabla abtlUto 


12. All eofituned in f of the Elements^ together with a general 
knowledge of the orders of Mammals, Birds, Amphibiaas, ndi, 

Im^cts, Crustacea, Edninodermata, Cephalopoda, Fteropoda, Gas- 
tmpoda, Ctochifera, Bradiiopoda, Milyvoa, CcrientMta, Protosoa, dr«., 
and the dasees and orders of ^e Vegetable Kingdom, Relative 
importaiice of those groups in correlating strata. 
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StJB. XII. — OBOXOOY. 


ot StTAtih x^nik<00m» Melui« 4 ^ 0 * 

In all ca8«A attention «bould be paid to tbe proofs of o<mtemj[7orftne<H}a 
volcanic action ; to the physical geography of the areas oclei^>ied by the 
various formations ; and to the chief economic products which Uicy yield. 

O. — SPalaaosolc Heriea# 

l.'i. The Aacu^an and Mktamorphic rocks of the British Isles^ 
and of the Continents of Euroiie and America. Theories aa to their origin 
and relative ages. ^ 

14. Camorian and Silurian.— Different views as to the classihca- 
tion of these strata, their main subdivisions and characteristic fossils ; 
unconformities in the series, and the relation of these unconformities to 
breaks in succession of life. 

15. Old Red Sandstone and Devonian. — Passage of Upper 
Silurian into Lower Old Red Sandstone in Wales and on its borders. 
Disap^^earance of the life of the Silurian period. The land that existed in 
Scandinavia and Britain before the deposition of the Old Red Sand- 
stone, and around an don which the Old Red beds were deposited. Fish 
of the lower Old Red Sandstone ; their distinctive characters. 

Upper Old Red Sandstone, — Lithological characters, fish, shells, 
and plants. Corubtonea. Unconformity of the Upper on the Lower 
Old Aed Sandstone, and approximate or actual passage of the former 
into the Lower Carboniferous strata. Condition of the waters in which 
the Old Red Sandstone formations were jirobably deposited. If partly 
glacial, and the signs of this ? 

Devonian. — The division of these strata commonly made into Lower, 
Middle, and Upper Devonian, 'fhe marked difference of conditions 
of deposit shown in the general nature of their fossils, viz., the Fish 
of the Old Red Sandstone, and the Corals, marine bivalve and 
univalve shells, Cephalopoda and Trilobites of the Devonian strata. 
I'be strati graphical relation of the Devonian strata to the Silurian 
rocks of De^‘on and Cornwall. The relation of the so-called Upper 
Devonian beds to the Carboniferous strata. ^Flie appearance of new 
genera and species in the Devonian rocks. 

16. CARBONirEROUs.— -Succession of Carboniferous strata in South 

Wales, and its borders, and in the south-west of England, viz., Lower 
Limestone Shale, Carboniferous Limestone, Upper Limestone Shale, 
Millstone (irit,and Coal Measures, llie lithological characters of these 
und their fossils — marine, freshwater, and terrestrial, ^ The manner in 
which the beds Imlow the Coal Measures were accumulated. Tlie maimer 
of the formation of the C.oal Measures, the ^culiar strata beneath each 
bed (or moat beds) of Coal, the nature of tnc plants that formed the 
coal, their mode of grondh, and the cause of the succession of of 
coal in thick series of strata. The gradual change of the above-men- 
tioned Carboniferous strata into a set of bc^ dSfferently arraisged in 
their stratification, especially in their lower members, proceeding north- 
wards through Lancashire and Yorkaktre into Northumberland, and 
Scotland. The physical causes that produced this difference. The 
Carboniferous series as developed in Ireland. The Carboniferous rocks 
oi the continents of Europe and North America. Theiri^hsemblances to 
those of the British Islands. Climate, its average unifomti^ in space and 
time during this e|K>ch. The surface areas occupied by the European 
Carboniferoua strata now. Hie areas where they may be concealed 
under newer formatioas. Hie areas where they were ongtnally fewmed, 
i.f ,, which they smead over before being redne^ to their pres!^ Itmits 
by denudatiim. The disturbances Carb<mifarottB rocks), and the 

reasons why coal-fields (like parts many other formafions so often 
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lie in basin^sliaped areas. Variotts kinds of coal, such as the yatneties 
of coal commonly called hituminous, oannel, and anthracite. The 
chemical chancres that vecfetation underwent in its conversion into coal, 
first on the surface, and afterwards under pressure. The passage of 
bituminous coal into anthracite : the probable reason, and the con- 
nexion of this subject with highly disturbed areas. Development of 
Crustacea of the Carboniferous rocks as distinguished from those of the 
Devonian and Silurian periods. Prevalence of certain genera of 
Brachiopoda and Conchifera, and relative ])roportioas of these in the 
Carboniferous rocks when compared with older formations. Fish and 
Reptiles of the Carboniferous rocks. Footprints, Rain-drops, Land-shells, 
and Insects, and what they indicate. Ironstones. Mineral veins in 
Carboniferous Limestone series. Coal, ha'inatite and lead-ore in the 
North of England. 

17. Permian. — Succession in Britain, Germany, and Russia. 1. The 
Rothliegende, its structure, and the evidences of the glacial agencies 
by which parts of it were deposited. 2. The Kupferschiefer of Germany 
and Marl-slate of England, wdth mineral contents, fish, &c. 3. The 

Magnesian Limestone (Zechstein), its mineral character and composi- 
tion ; its fossils ; evidence of their Palspozoic character, partial com- 
munity of species, and numbers and size when compared with the 

f enera and species of the Carboniferous Limestone. Cause of this. 

Jnconformity on the Carbonifenms and older rocks; submersion of 
old lands during its deposition ; bearing of this on conglomeratic and 
brecciated structure of the Rothliegende and the general development 
of the life of the period, including plants and reptiles. Relations of the 
Permian to the Carboniferous, and to the Trias in Britain and on the 
Continent. 


O.— BCeaoxoie or ttooondarT’ Sorioa, 

Lowrn Mesot.otc. 

18 . Divisions ok Trias, or New Red Sandstone skuies. 
-—Break in succession of life in passing from Permian to New Red 
Sandstone. Great development or Conchifera, and decrease of genera 
of Brachiopoda. llie relation of this t<o lapse of time, as shown by 
unconformity, and continued prevalence in 4ater times of many of 
these early Mesozoic types. 'Ihe generally unfossiliferuus character of 
the New Red Sandstone beds (Bunter) and their minor divisions in 
England. l*he absence in England of the Muschelkalk. Its f’os.silft. 
The minor divisions of the New Red Marl (Keuper). Its fossil plants 
and reptile-bones and footprints. Microlestes. Rain-pittings, Ripple- 
marks, and Sun-cracks. The rock-salt, gypsum, &c. of this formanon, 
and how* they w'cre deposited. Theory of inland salt-lakes or seas of the 
present day, and the bearing of this and of the above-named marks of 
rain-drops and footprints on the point. Those parts of the British Islands 
that formed land before and during the New Red Sandstone period. 

19. Penarth or Rustic Beds. — lnterme<iiaie between New Red 
Marl and Lower Lias. Gradual passage of nearly unfossiliferous red 
marls into Ifhese more fossiiiferous strata. Character and names of some 
of the common fossils. Their affinities with Liassic forms, and the 
conformable passage into that formation in Britain. 

20. Lias and Oolites ( Jurassic).— Names of the several formatiotis 
of the Lias and Oolites between tb« Lower Lias and the Purbeck Bctls 
in serial order. Lithological characters of the liassic divisions. Fossils 
of the different formations. distinctive characters of some of these, 
thehr relatrre numbers compar^ with the same claases in the Paheoaoic 
Yoeki* Nature «f the connexion of the Liae with the Inlsrior Oolite, 
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Lithologioal characters of the Oolitic formationa and the uses to which 
the roc£i of the different divisions are applied. Muwne fossils of the 
different suli-divisions of the abovo^naiiied formations ; also Mammalia. 
Chaijjye in character of the Oolitic rocks when traced northwards thronph 
Kn^fland ; causes of this change. Evidences of the existence of older 
land in the neighbourhood of the Liaasic and Oolitic seas, and of the 
climate of the period as inferred from the remains of plants and animals. 
Names of the most characteristic genera of the losisils of the Lias 
and Oolites, esj^iaily with reference to their prevalence : some notably 
characteristic species and the names of some of them, durassk strata of 
the continent of Europe ; the Jura and the Alps ; the fossils of Solen- 
hofcri. Diatiurbance and metarnorphism of Jurassic strata. Contrast 
the life of these epochs with similar developments in Palaeozoic epochs. 

21. PuRBF.CK AfiD Wealokn. — T heir general fresh-w'atcr nature and 
marine interstratifications. Extent of these formations in England and 
on tile Continent. Their characters and thickness. Fossils of the 
Purbeck strata. Plants, land-insects, mammals, fish, reptiles, univalve 
and biv’alve shells, and crustaceans. Fossils of the Wealden fumiations 
as above. Evidences of the upheaval of extensive tracts of land during 
the period, and the manner in w'hich the Purbeck and Wealden beds 
wert’ deposited. Uelation of the Purbeck to the Oolites, and of the 
Wealden to the Cretaceous, 


CTptv.R MRsosiorc. 

22. Cretaceous serirm. — Description of the British divisions and 
sub-di vision 8. ^i'hcir lithological chameters; and passage of W-eald Clay 
into lA)wer Cretticeous beds in the Wealden area and in the Isle of Wiglit. 
Fossils of the finmatiuns noticed in the same way as those of the Oolitic 
strata. Neocomian beds of the Cotiiinent and tVieir equivalents in 
Britain. Lower and Middle Neocomian o£ Yoikshire, &e. —the marine 
fKjuivalents of the Wealden Beds. Upper Neocomian (Lower Green- 
satid) of South-east of England. Gault and Upper Greensand. Chloritic 
Marl. The Chalk, by ivhat organic bodies chiefly formed. Comparison 
with similar deposits forming in existing oceans. Nature and mode of 
occurrence of flints in chalk, and vein, and tabular flints, llesemhlanees 
and dill'erences of the genera and species of the Oohfic and Cretaceous 
epochs, and the bearings these have on lapse of time between the 
deposition of the Portland Oolite aiul the cominenceuient of the inan'ne 
Cretaceous series. Cmilinental Cretaceous geology generally. Hip- 
uarite Limestone. Highest Oetaceous rocks unknown in Britain. 
Maestrlchi beds and Chalk of Faxoe, Denmark. Upper Cretaceous beds 
and flora of Aix-la-Cbapelle. Account of them. Cretaceous strata of 
America, and passage of these into Tertiary beds. 

Mm — Coiaoxoie or Tartiory. 

2.H. F^ocene or Lower Tertiary, — Meaning of the terms Eocene, 
Oligocene, Miocene, and Pliocene, Grouping of greater divisions and 
subdivisions of the English and French strata as usually given in text* 
books. xVreasoccupiedby the English and French Eocene strata. Evidence 
of the upheaval of the Chalk and older strata of Western Europe before 
the Eocene period, ITie evidence showm by fossils of the manner in 
which the different formations or parts of iormatioas were deposited ; 
1st, into three broad divisions, estuarine and fiuvio-marine below ; 
2nd, marine in the middle $ and ih*d, firesh-water, estuarine and 
fluvio-marine abo^'e. Correlation of this highest series with tlie 
Oligoeene beds of the Continent. E^denccs of land and its nature 
^ firom plants nnd from mammalian remains. The nmnxnnlitic 
" Englcmd, the Continent (ff Europe, Asia, and Airies. 
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of climates of Eocene tunes^ as indicated by shells, reptiles, and plants. 
See. Original extension and subsequent denudation of Eocene beds in 
Britain. 

Plant* Beds of our British Tertiary Series ; associated Igneous rocks of 
Antrim, Mull, See. Some of these formerly referred to the Miocene. 
Reasons for and against this view. 

24. Miocene or MiDi>i.E Tertiary strata. — Nature of the strata 
and their fossils. French marine and freshwater strata and igneous rocks. 
The fossils of the former and the Mammalia of the periled. Miocene 
beds of tht Rhine, Santzerland, Bohemia, and other parts of the conti- 
nent of Europe and of the Arctic Regions. Their divisions, lithological 
characters, and fossils. Brown-coal of Germany, Sec. ; reference of some 
of the lower beds to the Oligocene. Disturbances of the Aina and 
Jura before and after the close of the Miocene epoch. Miocene 
rocks of India and their fossils. 

25. PniocENK Strata, Crao, i^e. — (See r,)and in addition proofs 
of Britain havijig been joined to the? Continent before the Crag ei>och. 
Crag of Belgium. Pliocene Ijetls of Italy. 

2(>. Post-Pliockne ok Pokt-'J'ertiarv, <iLiA< iaj. Epoch, and 
Strata eater than tiik Crag. — Old land-surface of Britain later 
than the Crag, — Forest beds, their plants, mammalia, ami shells. 
'Fhe Glacial period. Great glaciers before the deposition of the Boulder 
Drift in the northern and soi. hcrn hemispheres gerierall}^ and in 
Swilzerland and other mountain ranges vSj)ec;ially. 4'he signs of this. 
Boulder beds and .<\rctic shells. Minor glaciers during ami after the 
deposition of the boulder beds. Their signs. Erosion of valleys by 
ancient glaciers. I'heory of the formation c»f rock-l>ound basins by 
glaciers and of other lakes by bt>ulder f eds ami esker-s or kaima, 
General nature of the fauna of the ])eriod. Union of the Britisli Islands 
and their union with the continent before and after the Glacial Epoch. 
Theories of the causes that produce this glacial period and of glacial 
neritjds in general. Loess of the Rhine and other rivers, brick-earths, 
river-gravels, and alluvia of various ages. Mammalian and other hones 
in these in Europe, Asia, and .Xmcrica, Bone (’aves and the manner 
of the preservation of their fossil contents. Relics of man and his works in 
caves, river-deposits, shell-raouuds of Denmark, &c., and in Swiss and 
other lakes. t -ontours of ground before and after the Glacial Period. 
Origin of River- valley.s. Pre-glacial and post-glacial valleys. River 
Terraces. Raiseti Beaches, Sec. 

27. 'l''hcori<^s that have been prop(»sed to explain the distribution of 
life in individual formations and throughout the whole geological series; 
or the origin, iucreasc, distribution, and disappearance of species and 
genera commonly so called, 'i'he relations of the life of snc<;esaive 
formations to each other generally. Relations of existing faunas and 
fioras of the world to those of Miocene, Pliocene, and Post-pUocenc 

as. Water-bearing strata and underground drainage. PereaniM* 
intermittent, and thermal springs. Artesian and other wells. Soils 
and their relations to the underlying beds or to drift deposits. Origin 
of mineral v-eins and lodes. ILicks in which ores are found, and mode 
of occurrence of ores in beds, lodes, and sufierficial detritus. The 
rules that ought to guide the miner in sinking for coal and other 
minerals^ when the beds in which they he are concealed by overlying 
and unconformable strata. 

Examinatij^’ for Honours. 

In addtrion to the foregoing, candidates for Honours may be expected 
to be acquainted with any subject treated of in first-class standard 
inanuabi> with quettioos bearing on the history of Geology on the 
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pi^esent state of geological opinion on such subjects as Vulcanicity, the 
probable condition of the Barthes interior^ and the action of ice as a 
geological agent ; on the nature and elFects of metamorphiam ; and on 
inicrosoopicjpetrograph j . 

The Examination will consist of a preliminaiy %vritten paper, and 
those who qualify therein may be required to attend a practical examiua* 
tion at Bo\tth Kensington at a subsequent date. 












